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Thesis	Structure	
 
This  is  a  thesis  ‘with  publications’  and  is  predominantly  composed  of  journal  papers  in 
international publications  that are either published  (4 papers), or  in press  (1 paper), which 
report the original research undertaken. These papers are compiled as chapters for this thesis 
with no amendments. Each paper has been written as a self‐contained account, and thus has 
its own  abstract,  introduction, methods,  results, discussion  and  conclusions.  This  inevitably 
results in a degree of overlap and repetition of information between the different chapters. In 
addition, based on different requirements for each publication and peer reviewer comments, 
there  is  some variation  in  the  terms and  sampling codes used between  the papers.  I ask  in 
advance for the reader’s patience on these matters.  
In addition to the published papers, which comprise the bulk of the thesis, additional material 
is included to link the chapters, situate the research and highlight its novelty and contribution. 
This includes an introduction and literature review, providing context and rationale for the study 
(Chapter 1); a discussion and conclusions chapter outlining the major findings, limitations and 
future research directions  (Chapter 6); a short preface before each of  the publication‐based 
chapters  (2  to  5),  and  additional  analysis  of  data  regarding  behaviour  of  landfill‐leachate 
contamination in groundwater at the end of Chapter 4.  
The chapters in this thesis are structured as follows: 
Chapter 1: Introduction 
The  introduction  includes a review of  the current  literature on urban re‐development and a 
discussion of the potential risks posed by groundwater contamination to human health and the 
environment in such settings. The challenges associated with urban re‐development at the large 
or ‘precinct scale’ are also discussed. The objectives of this research and the research questions 
are outlined. 
Chapter  2:  A  Framework  and  Decision  Support  Tool  for  Groundwater  Contamination 
Assessment (Publication 1) 
This  chapter  presents  a  framework  and  simple Geographic  Information  System  (GIS)‐based 
decision  support  tool  (DST)  to  aid  the  assessment  of  contaminated  groundwater,  and 
contamination source delineation at Fishermans Bend. The value of the  inclusion of precinct 
 x 
 
scale data into individual site scale investigations is demonstrated, and common contaminant 
sources in the region are identified. 
Chapter 3: Environmental Isotopes as Indicators of Groundwater Recharge, Residence Times 
and Salinity (In Press) 
This  chapter  uses  stable  and  radioactive  isotopes  as  tools with which  to  characterise  the 
hydrogeological system at Fishermans Bend, including identification of groundwater flow paths, 
groundwater  recharge  and  discharge  mechanisms,  sources  of  groundwater  salinity  and 
groundwater  contamination  inputs.  The  controls  on  major  ion  geochemistry  and  carbon 
geochemistry in groundwater are analysed and discussed. 
Chapter 4: Evaluation of Impacts on Groundwater from Legacy Landfills (Publications 2 and 3) 
This chapter uses the concentrations and ratios of per‐ and polyfluoroalkyl substances (PFAS) in 
groundwater as tools with which to evaluate the extent of legacy landfill leachate impacts on 
groundwater at Fishermans Bend (Publication 2). Specific perfluoroalkyl acids (PFAA) are then 
incorporated  into  an  existing  geochemical  index  for  improved  delineation  of  legacy  landfill 
impacts on groundwater  (Publication 3). A mass  flux  toolkit  is also applied  to  the  results  to 
evaluate  natural  attenuation  processes  occurring  in  groundwater  down‐gradient  from  one 
legacy landfill (section 4.4; unpublished). 
Chapter 5: A Method for Separation of Heavy Metal Sources in Groundwater (Publication 4) 
This chapter uses statistical categorisation, soil  leaching values (SLVs) and fill/sediment x‐ray 
fluorescence (XRF) as tools with which to separate and distinguish common heavy metal sources 
in groundwater at Fishermans Bend. 
Chapter 6: Discussion and Conclusions 
This chapter concludes the thesis by answering the research questions and summarising the 
main  contributions  and  key  findings.  In  addition,  the  significance  of  this  research  and  the 
limitations are discussed. Recommendations are made with respect to future research which 
could answer some unresolved questions and build upon the study. 
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Decision Support Tool database 
The simple GIS‐based DST presented  in Chapter 2 was crafted using commonly available GIS 
software and populated with a range of data collected by the Victorian Environment Protection 
Authority  (EPA)  (20%) and Hepburn  (60%), Currell  (10%), Madden  (5%) and Clarke  (5%). An 
exhaustive list of all data and GIS layers produced as part of the DST for Fishermans Bend are 
show in Table 0‐1 below.  
Table 0‐1 Exhaustive list of all data and GIS layers produced as part of the Fishermans Bend Decision 
Support Tool 
Category  Type  Date 
Collected 
Collector  Analysis method  
(and data source) 
Format 
Dissolved metal 
concentration 
in  groundwater 
(mg/L) 
Al,  As,  Cd, 
Cr,  Cu,  Fe, 
Mn,  Ni,  Pb, 
Se, Zn 
Nov 2015  EPA/RMIT  ICP‐MS (ALS*)  Contour (.shp); 
point (.shp);  
raw (.xlsx) 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
May 2017  RMIT 
Total‐metal 
concentration 
in  groundwater 
(mg/L) 
Nov 2015  RMIT  ICP‐MS (ALS)  Raw (.xlsx) 
May 2016  RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
Metal 
concentration 
in fill/soil/ 
sediment‐at 
multiple  depths 
(mg/kg) 
As,  Cd,  Cr, 
Cu,  Fe,  Mn, 
Ni, Pb, Zn 
Nov 2015  RMIT  XRF (RMIT) 
(including subset via  
ICP‐AES (ALS)) 
Vertical profiles – 
raw  and 
normalised  to Fe 
(.xlsx); raw (.xlsx) 
Ag,  Ba,  Ca, 
Cl, Co, Hg, K, 
Mo, P, Rb, S, 
Se,  Sb,  Sn, 
Sn, Sr, Ti, Zr  
Nov 2015  RMIT  XRF (RMIT) 
 
Raw (.xlsx) 
PFAS 
concentration 
in  groundwater 
(ng/L) 
Seventeen 
PFAS^ 
July 2017  RMIT  SPE and LC‐MS (RMIT)  Point  (.shp);  pie 
chart (PFAS mass 
fractions)  (.shp); 
raw (.xlsx) 
Major‐ion 
concentration 
in  groundwater 
(mg/L) 
NH3‐N, 
HCO3‐,  K,  Cl, 
Mg,  Na,  Ca, 
NO3‐‐N, NO2‐
‐N,  Total  N, 
SO42‐, F‐ 
Nov 2015  EPA/RMIT  Various (ALS)  Contour (.shp);  
point  (.shp);  raw 
(.xlsx) 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
May 2017  RMIT 
Other 
contaminants in 
groundwater 
(various units) 
CH4,  Cr(III), 
Cr(VI),  Fe2+, 
TOC, E. Coli, 
TRC,  Faecal 
Coliforms, 
free chlorine 
June 2016  RMIT  Various (ALS)  Point  (.shp);  raw 
(.xlsx) 
CH4,  Fe2+, 
TOC, DOC 
May 2017  RMIT  Various (ALS)  Some  point 
(.shp); raw (.xlsx) 
Field 
parameters  in 
groundwater 
TDS  (mg/L), 
pH,  ORP 
(mV),  temp 
(°C),  DO 
(mg/L) 
Nov 2015  EPA/RMIT  HACH HQ40d or YSI556 
handheld water  quality 
meter (RMIT) 
Contour (.shp); 
point (.shp);  
raw (.xlsx) 
Mar 2016  RMIT 
Apr 2016  RMIT 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
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Oct 2016  RMIT 
May 2017  RMIT 
Isotopes‐in 
groundwater 
δ2H  and 
δ18O (‰) 
May 2016  RMIT  Picarro‐Cavity  Ring‐
Down  Spectroscopy 
(ANSTO#) 
Raw (.xlsx) 
May 2017  RMIT 
δ13CDIC (‰)  Jun 2016  RMIT  Delta  V  Advantage 
Isotope‐Ratio  MS 
(ANSTO) 
Raw (.xlsx) 
Aug 2016  RMIT 
3H (TU)  May 2016  RMIT  Liquid‐scintillation 
spectrometry (ANSTO) 
Raw (.xlsx) 
  Aug 2016  RMIT 
14C (pMC)  May 2016  RMIT  ANTARES 10MV tandem 
accelerator MS (ANSTO) 
Raw (.xlsx) 
  Aug 2016  RMIT 
Geological units  Fill;  Port 
Melbourne 
Sand, Coode 
Island  Silt 
(CIS);  Older 
Volcanics 
(OV) 
Nov 2015  RMIT  Borehole  logging  (field 
samples; environmental 
audit  and  consultant 
reports) 
Polygon  (.shp), 
raw (.xlsx) 
Groundwater 
elevation 
(mAHD) 
Port 
Melbourne 
Sand aquifer 
(some bores 
installed  in 
CIS  and  OV 
units) 
Nov 2015  EPA/RMIT  Manual gauging using a 
SolinstTM  interface 
probe (RMIT)  
Contour (.shp); 
hydrograph 
(.xlsx);  raw 
(mBTOC  and 
mAHD) (.xlsx) 
Mar 2016  RMIT 
Apr 2016  RMIT 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
Oct 2016  RMIT 
May 2017  RMIT 
Climate (mm)  Rainfall; 
potential 
evapo‐
transpiratio
n (mm) 
Up  to 
June 2018 
RMIT  Various  (Bureau  of 
Meteorology) 
Hydrograph 
(.xlsx), raw (.xlsx) 
Surface  water 
(mAHD) 
Yarra  River 
level 
Up  to 
June 2018 
RMIT  Manual  gauging 
(Melbourne Water) 
Hydrograph 
(.xlsx); raw (.xlsx) 
Land uses  Historical 
industries; 
legacy 
landfills; 
sewer 
network 
Nov 2015  EPA/RMIT  Aerial  photographs, 
environmental 
audit/consultant 
reports,  melways, 
google maps 
Polygon (.shp) 
*ALS = Australian Laboratory Services 
^Perfluorobutanoic acid (PFBA), perfluoropentanoic acid (PFPeA), perfluorohexanoic acid  (PFHxA), perfluoroheptanoic acid 
(PFHpA) perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), perfluoroundecanoic acid 
(PFUnDA), perfluorododecanoic acid (PFDoA), perfluorobutane sulfonate (PFBS), perfluoropentane sulfonate (PFPeS), 
perfluorohexane sulfonate (PFHxS), perfluoroheptane sulfonate (PFHpS), perfluorooctane sulfonate (PFOS), perfluorodecane 
sulfonate (PFDS), 6:2 fluorotelomer sulfonate (6:2 FTS) and 8:2 fluorotelomer sulfonate (8:2 FTS) 
#ANSTO = Australian Nuclear Science and Technology Organisation 
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Research	Summary	
 
This research has stemmed from a major collaboration project between researchers at RMIT 
University, CRC CARE and environmental regulators at the Environment Protection Authority 
(EPA)  Victoria,  in Melbourne,  Australia.  The  project was  initiated  after  the  state  planning 
authority  re‐zoned 240 hectares of under‐utilised brownfield  (former  industrial)  land at  the 
Fishermans  Bend  precinct,  located  1  km  from Melbourne’s  Central  Business District  (CBD). 
Despite extensive impacts to groundwater from historical (‘legacy’) landfills, former industrial 
sites and contaminated fill in the upper soil profile, the precinct is currently being transformed 
into residential land as part of Australia’s largest ever inner‐city re‐development project. 
Arguably one of  the most  significant  challenges  for  such  large or  ‘precinct  scale’ urban  re‐
development  projects  is  the  technical  assessment  and  management  of  contaminated 
groundwater. Whilst detailed assessments of groundwater contaminant sources will typically 
be conducted on a ‘site‐by‐site’ basis, in precincts such as Fishermans Bend, where large parcels 
of land containing hundreds of individual sites are being re‐developed, access to precinct‐wide 
data  and  an  understanding  of  processes  governing  the  behaviour  of  contaminants  from 
different  sources  are  critical  for  contamination  assessment.  Such  understanding  is  vital  in 
addressing common challenges such as distinguishing point sources from larger plumes in order 
to maximise the efficacy with which health and ecological risks can be assessed and managed. 
The complex physical and chemical characteristics often associated with such settings, however, 
can make understanding the hydrogeological system challenging. For example, areas selected 
for urban  re‐development are often  located on  coastlines, where  surface water bodies and 
former swamps/wetlands can  influence hydrogeological processes and seasonal dynamics. In 
addition,  remnant  underground  infrastructure may  artificially  recharge  and/or  drain  urban 
groundwater and multiple contamination sources may impact groundwater quality.  
Legacy landfills in such settings are particularly common and were typically built with little or 
no leachate treatment and/or control systems, thus acting as ongoing sources of contamination 
to  groundwater.  Contaminants  typically  associated  with  landfill  leachate  in  groundwater 
include ammonia, methane, bicarbonate, sulfate, and heavy metals. Recent research has also 
detected various perfluoroalkyl acids (PFAA), such as perfluorooctanoic acid (PFOA) in leachate‐
impacted groundwater. Depending on  the  fate and  transport of  such contaminants and  the 
potential exposure pathways, the associated ecological and human health risks may continue 
for a significant period after waste acceptance has ceased. 
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In this study, groundwater samples were collected over multiple seasons from 36 shallow bores 
installed by EPA Victoria across Fishermans Bend  in November 2015. Data were  stored and 
managed in ESdat and exported for visual display in ArcGIS. The data were then used to create 
a simple Geographic Information System (GIS)‐based Decision Support Tool (DST), designed to 
help  environmental  regulators  and  practitioners  more  effectively  characterise  the 
hydrogeological system and separate diffuse contaminant plumes from point sources. The DST 
is  intended to complement rather than substitute single‐site assessments and environmental 
audits.  
Stable and radio‐isotopic indicators were analysed in a sub‐set of the groundwater samples in 
order to understand solute origins, groundwater flow paths, recharge and residence times at 
Fishermans  Bend.  Groundwater  in  the  shallow  aquifer  was  found  to  be  predominantly 
recharged by modern rainfall with short residence times, indicated by fresh to brackish salinity 
and relatively high tritium (3H) activities. In contrast, the adjacent/lower aquitard was found to 
contain saline groundwater with molar ratios reflecting typical marine water, indicating relict 
salts emplaced as porewater at the time of sediment deposition. The presence of tritium above 
background levels in the aquitard suggests a component of modern recharge, likely sourced by 
ingress from the adjacent Yarra River. 
The  concentrations and proportions of a  range of PFAA  in groundwater  surrounding  legacy 
landfills  at  Fishermans  Bend  were  determined,  and  relationships  between  PFAA  and 
conventional  indicators of  leachate  contamination  (e.g.  ammonia) were  analysed. Different 
ratios of PFAA were found to reflect different contamination sources, including legacy landfills 
and an industrial point source. A new geochemical index was developed for enhanced detection 
of leachate impacts on groundwater, by incorporating PFAA (as PFOA/∑PFAA) into an existing 
method based on ‘leachate to native’ cation ratios (L/N ratios). The new ‘modified L/N ratios’ 
were  able  to  distinguish  statistically  significant  differences  between  leachate‐impacted  and 
non‐impacted groundwater, where the standard L/N ratios could not. 
A method  for  separation  of  different  potential  sources  of  heavy metals  in  groundwater  at 
Fishermans Bend was developed using statistical data categorisation, analysis of soil leaching 
values and  fill/sediment X‐ray  fluorescence  (XRF) profiling of  the 36 boreholes. The method 
identified two major sources of heavy metals in groundwater: 1. point sources from up‐gradient 
groundwater contaminated by industrial activities and/or legacy landfills; and 2. contaminated 
fill (a combination of inert and contaminated waste material in the upper soil profile), where 
leaching of Cu, Mn, Pb and Zn was observed. The method can determine the likely contribution 
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of  these  different  heavy  metal  sources  in  groundwater,  helping  inform  more  detailed 
contamination assessments. 
Overall, this research provides a comprehensive understanding of the hydrogeological system 
at  Fishermans  Bend,  and  provides  novel  methodologies  allowing  for  the  identification  of 
different sources of contaminants in shallow groundwater. The findings have been published in 
four peer  reviewed papers  in  internationally  recognised  journals, with one additional paper 
currently in press.  
Novel contributions of this research include:  
‐ Enhanced understanding of the typical concentrations/ratios of different PFAA in groundwater 
impacted  by  landfill  leachate  contamination,  which  can  allow  such  contamination  to  be 
distinguished from point sources (such as industrial sites); 
‐ A new geochemical index, incorporating cation and PFAA ratios, which can be further used to 
separate landfill contamination in groundwater from other sources; 
‐ A new method using XRF profiling and statistical techniques that can separate different heavy 
metal sources in groundwater below heterogeneous soil profiles; 
The findings of this research can be used to increase the consistency and effectiveness of future 
site  contamination  investigations  undertaken  at  Fishermans  Bend  as  re‐development 
progresses. This will help minimise health and environmental risks and maximise effective use 
of time and resources. The methodologies and findings can also be translated more broadly to 
the  global  context, providing new  techniques  that  can  assist  in  the delineation of different 
sources of groundwater contamination – an ongoing challenge in many settings worldwide.   
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1 CHAPTER	ONE:	Introduction	
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1.1 Urban	re‐development	
1.1.1 Background	
In recent decades, the shift towards de‐industrialisation of many of the world’s major cities has 
left behind large areas of underutilised industrial land. Commonly referred to as brownfields, 
these areas are often contaminated environments, exposing the legacy of a negligent past with 
respect  to waste management  (Chen  and  Jiao  2008). As  the  original  industries were  often 
strategically  located near the centre of cities, brownfields represent both a challenge and an 
opportunity to modern society (Ionescu‐Heroiu 2010). The re‐development of brownfield land 
presents unique environmental, social and economic advantages such as reduced demand for 
‘greenfield’ development at city fringes, opportunities to foster environmental justice by lifting 
the  undue  burden  of  pollution  from  disadvantaged  communities,  and  increased  economic 
prosperity (USEPA 2009, 2015).  The rural‐urban shift taking place globally has resulted  in 54 
per cent of the world’s population residing in urban areas in 2014, compared to 30 per cent in 
1950 (UN 2018). With this figure predicted to rise to 66 per cent by 2050, the re‐development 
of brownfields  for affordable housing, parks and  recreation has emerged as a key planning 
strategy for governments to address growing urban populations (Bartke 2013; Atkinson et al. 
2014; Kotval 2016; UN 2018; USEPA 2018). In line with the UN’s sustainable development goals 
3 (Good Health and Well‐Being) and 11 (Sustainable Cities and Communities), many government 
policies,  such  as  those  of  the UK, Germany  and Australia,  now  strongly  emphasise  the  re‐
development of brownfields as part of  their national  sustainable development agendas and 
urban land use strategies (Dixon et al. 2007; Burke et al. 2015; IA 2016). 
However,  challenges  associated with  brownfield  re‐development  include  competition  from 
greenfield  land due  to  comparatively minor  clean‐up  costs, negative public perception  and 
community  resistance,  and  potential  investment  risk  (Alberini  et  al.  2005;  Susilawati  and 
Thomas 2012; Thornton et al. 2007). Arguably, contamination and its associated remediation 
and/or ongoing management costs are amongst  the most critical of  the challenges and can 
ultimately  determine whether  a  brownfield  ‘site’  (i.e.  a  single  property  owned  by  a  single 
industry or other landowner) remains idle and derelict or is chosen for re‐development (Frantál 
et al. 2015; Nogués and Arroyo 2016). Unregulated waste disposal activities on brownfield land, 
typically associated with industrial, commercial and/or military activities, have resulted in large 
areas of contamination, particularly  in  soil and groundwater,  that are ubiquitous worldwide 
(Ionescu‐Heroiu 2010). A key challenge for the re‐development of brownfield sites is also the 
risk  that  re‐development  does  not  adequately  consider  risks  to  human  health  or  the 
environment  (e.g.  from emerging contaminants such as per‐ and poly‐fluoroalkyl substances 
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(PFAS), or from contaminants such as arsenic, where health impacts were previously not fully 
recognised).  Despite  these  challenges,  the  demand  for  urban  re‐development  is  gradually 
outpacing  suburban  sprawl.    In  2009  the  contaminated  sites  remediation  industry  was 
purported to have a turnover of $US20‐40 billion globally (CRC CARE, 2009). Quantifying the 
numbers of brownfield sites  in any given country  is a challenging  task. Table 1‐1 shows  the 
estimated number of brownfield  sites  in  some of  the major developed countries or  regions 
across  the world.  In China, where  rapid  industrialisation has occurred  since  the  turn of  the 
millennium, contamination from industrial pollution may be even more widespread (Lin et al. 
2014), although the scale of the problem  is only beginning to be fully quantified (e.g. Xinhua 
2015).  
Table 1‐1 Estimated number of brownfield sites in Europe, the UK, the US and Australia 
Country/Region  Estimated Number of Brownfields  Reference 
Europe  2.5 million  EEA 2015 
United Kingdom  300,000 ha of contaminated land  DEFRA 2006, In: Hou and Al‐Tabbaa 2014 
United States  >450,000   USEPA 2018 
Australia  10,000 to 160,000  Johnston 2010 
 
1.1.2 Risks	to	human	health	and	the	environment	
Contamination at brownfield  sites  is often  spatially extensive, persistent  in  time and highly 
complex,  as  indicated  by  the  Concerted Action  of  Brownfields  and  Economic  Regeneration 
Network (CABERNET), which defines brownfields as sites that “have been affected by the former 
uses of the sites and surrounding lands; are derelict and underused; may have real or perceived 
contamination problems; are mainly in developed urban areas; and require intervention to bring 
them  back  to  beneficial  use”.  Mobilisation  of  contaminants  from  these  sites  can  impact 
ecological systems via discharge of contaminated groundwater to surface water and threaten 
plant and animal health if bioavailable (Alloway 2013; Moore 1999). Human exposure pathways 
include inhalation of particulates and/or vapours, direct ingestion of impacted soil or food, and 
contact with affected surface waters.  Impacts of contamination on ecosystem services more 
broadly include reduced human‐use impacts (e.g. food and fishing), reduced amenity, an altered 
ability to regulate the climate (e.g. via carbon sequestration) (Hayes et al. 2018) and less clean 
water available for sustainable development purposes (Garrick et al. 2017; Vadiati et al. 2018). 
In 2010 the World Bank issued a guidance note for brownfield site management stating that the 
threat posed by these sites to humans and the environment requires “prompt  intervention” 
(Ionescu‐Heroiu 2010). Historically, there have been many high‐profile cases which  illustrate 
this point. In 1978, the discovery that a former chemical landfill had contaminated homes and 
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schools in the Love Canal area in the US highlighted the critical importance of proper disposal 
of hazardous waste for the protection of public health and the environment (Phillips et al. 2007). 
Similarly, in 1989, the discovery of lead contamination on the site of a re‐developed former lead 
battery recycling smelter at Ardeer in Victoria, Australia, led to the removal of residents from 
11 houses already built on the site. After extensive clean‐up in the early 1990s, the houses were 
eventually  demolished with  costs  totalling  $5M  (Strudwick  2000). The  Environmental Audit 
System was created in Victoria in 1990 following the incident at Ardeer (EPA Victoria 2007). In 
2004, construction of the Songjiazhuang metro station in Beijing led to the exposure of Chinese 
workers to residual poisonous gases  in the soil beneath a former pesticide plant, resulting  in 
hospitalisation and site closure (Xie and Li 2010). It is clear that consequences can be severe if 
legacy contamination at brownfield sites is not assessed and managed appropriately. In addition 
to the environmental and health risks, the socioeconomic costs are high. Long‐term persistence 
of brownfield areas within a city’s bounds can contribute to  increased crime rates, slumps  in 
real estate markets and overall decline in the quality of life of an area (De Sousa and Ghoshal 
2012; Bartke, 2013). As a result, governments worldwide are taking the  issue very seriously, 
attempting  to better understand  the public health and environmental  risks associated with 
brownfields before attempting to develop on the land. 
1.1.3 Policy	approaches	to	urban	re‐development	
From  the  decision‐making  point  of  view,  urban  re‐development  poses  a  suite  of  complex 
problems,  requiring  input  from  a  range  of  stakeholders  including;  regulators,  planners, 
developers,  land owners,  lawyers, property  insurers, site assessors and  the  local community 
(Rizzo et al. 2015). Governments of developed nations  such as  the US,  the UK,  France and 
Germany have decades of experience with  the challenges of brownfields  (Burke et al. 2015; 
Frantál et al. 2015). These countries have  implemented a variety of policies and programs to 
help developers and governments understand and overcome the costs and risks associated with 
remediating and re‐developing these sites. Prominent examples include the US’s Small Business 
Liability  Relief  and Brownfields Revitalisation Act,  an  amendment  of  CERCLA1  and  the  EU’s 
JESSICA2, TIMBRE3 and HOMBRE4.  In 2012  the National Planning and Policy Framework was 
introduced in England and Wales empowering local governments to set targets for the amount 
of  new  housing  to  be  built  on  brownfields,  as  long  as  the  land  is  not  of  historical  or 
environmental  significance.  On  5  January  2016  local  councils  across  the  UK,  working  in 
                                                            
1 The Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA), known as the Superfund. 
2 The Joint European Support for Sustainable Investment in City Areas (JESSICA), an initiative of the European Commission. 
3 The Tailored Improvement of Brownfield Regeneration in Europe (TIMBRE), part of the EU’s Seventh Framework Programme 
4 The Holistic Management of Brownfield Regeneration (HOMBRE), part of the EU’s Seventh Framework Programme 
 8 
 
partnership with  private  developers,  announced  nearly  £6.3 million  of  funding  for  28  new 
‘Housing Zones’ located on brownfield land across the country, with the aim of re‐developing 
these sites and providing up to 45,000 affordable homes (DCLG 2016). In contrast, the concept 
of brownfield re‐development  is a relatively new and emerging one  in many Asian and post‐
socialist European countries, where brownfields only started  to appear after  the collapse of 
socialism and a return to the market economy (Frantál et al. 2015; Tintěra et al. 2014). Indeed, 
one of the major goals of the World Bank is to raise general awareness about the possibilities 
of brownfields  re‐development, having  identified  that urban brownfields  represent a major 
hurdle  to  the  transformation of  local economies  (Ionescu‐Heroiu 2010). Considerable effort 
involving smart and effective decision‐making will be required by these countries  in order to 
successfully complete the brownfield re‐development process whilst simultaneously mitigating 
and/or managing potential risks to human health and/or the environment.  
1.2 Urban	re‐development	at	the	precinct	scale	
With  regard  to  spatial  extent,  brownfields  are  generally  categorised  into  two  types:  single 
parcels of  land, and  large  scale  ‘megasites’ or  ‘precincts’ which  span multiple hectares. The 
precinct scale is defined in this thesis as an area consisting of multiple, fragmented, adjoining 
parcels of potentially contaminated land which may contain widespread regional impacts to the 
environment,  but  which  may  also  contain  complex,  site‐specific  and  spatially  isolated 
contaminant plumes from a wide array of industries. These site‐specific contamination plumes 
may co‐mingle with  regional pollutants and/or with other  local plumes, and may have  their 
origins  in relatively old sources which are no  longer present  in the subsurface, or from new, 
continuous source zones. In addition, multiple sources present over time at individual sites may 
contribute to the complexity of contamination evident throughout the precinct. Precinct scale 
urban re‐development may therefore require a greater number of potential remediation and/or 
ongoing contamination management strategies when compared to single sites. This arises due 
to  the  added  complexity  of multiple  contaminant  sources  as well  as multiple  site  owners, 
multiple stakeholders and multiple end‐users of the precinct (Carlon et al. 2007; Agostini et al. 
2009).  
1.2.1 Groundwater	challenges	associated	with	urban	re‐development	at	the	
precinct	scale	
Assessment of contaminated groundwater, including its future remediation and management, 
has  traditionally  been  conducted  at  the  individual  site  level,  including  detailed  in‐situ 
characterisation of source zones, site‐specific risk assessment, and choice of remedial option(s). 
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Under the current Environment Protection Act  in the study  location (as  in many areas of the 
world) the focus is therefore on the collection of data from within the site being re‐developed 
itself, with limited requirement for the assessment of regional hydrogeological and geochemical 
conditions and processes (although this can be examined as part of desktop site assessments 
where information is accessible). Indeed in many locations there may not be the opportunity, 
will or mandate to include within an individual site assessment a broader assessment of precinct 
scale conditions and processes. This can be a substantial hindrance to the overall assessment of 
environmental  condition  at brownfield  sites. With  the  emerging use of  entire precincts  for 
urban  re‐development,  there  is  a  clear  need  to  ensure  environmental  practitioners  and 
regulators are well equipped to deal with the multiple challenges associated with assessment 
of groundwater contamination at the precinct scale. These challenges can include the following: 
1. Characterising aquifer scale processes and geochemical conditions, and the impact of 
these  on  contaminant  concentrations,  transport  and  degradation  mechanisms 
throughout the precinct;  
2. Distinguishing  diffuse  contaminant  plumes  from  point  sources  in  groundwater,  and 
separating  these  contaminant  sources  from  ‘ambient  background’  conditions  (as 
defined in Reimann and Garrett 2005); 
3. Unnecessary repeat work at neighbouring sites to characterise the hydrogeological and 
contaminant conditions if challenges 1 and 2 above cannot be overcome (Bolton et al. 
2013); 
4. Determining who  is  responsible  for  remediation of  contamination  (e.g.  site owners, 
tenants/operators, developers, or purchasers); this is particularly difficult if challenge 2 
cannot be overcome; 
5. Undertaking  regional  risk  assessments which unlike  local  in‐depth  assessments, will 
need  to  include a  comparative evaluation of different  contaminated  sites and  large 
diffuse  plumes, which may  span multiple  properties  and  impact  several  receptors 
simultaneously; 
6. Allowing visualisation of highly vulnerable or high‐risk sites or sub‐areas, ensuring these 
are  prioritised  for  remediation  and/or  ongoing  management  and  resources  are 
allocated accordingly; 
7. Allowing  for  a  ‘risk‐based’  approach  to  remediation  and/or  management  of 
contaminated groundwater, whereby contamination data may be used in conjunction 
with urban planners to make all areas of the precinct  ‘fit for purpose’ (based on the 
level of identified risk).  
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Tools and analytical methods that if designed and/or modified appropriately can help overcome 
some of the challenges  identified above  include spatial decision support tools (DSTs) such as 
groundwater vulnerability and risk mapping  tools  (e.g. Aller et al. 1987; Chen and Ma 2013; 
Stevenazzi et al. 2015; Stumpp et al. 2016) and geochemical tracers and indices (e.g. Mulvey, 
1999;  Regadio  et  al.,  2012; Naveen  et  al.,  2017),  including  those  based  on  environmental 
isotopes  (e.g. Vázquez‐Suñé et al. 2010; Cendón et al. 2015). These  tools and methods will 
necessarily include a spatial analysis of data (both vertically and in plan view) collected from a 
regional  network  of  groundwater  and  soil  bores  spread  across  the  urban  re‐development 
precinct.  
1.3 The	Fishermans	Bend	urban	re‐development	precinct	
The Fishermans Bend urban re‐development precinct is located approximately 1 km southwest 
of the Central Business District (CBD) of Melbourne, Australia (Figure 1‐1). It is located near the 
mouth of the Yarra River, on Quaternary river‐delta sediments (Holdgate and Norvick 2017). 
The area was developed from shallow coastal swampland into industrial land during the latter 
half  of  the  19th  century,  with  automotive  and  aircraft  manufacturing,  metal  plating  and 
fabrication, and plastic and packaging manufacturing prominent among many local industries. 
Urban  re‐development began at Fishermans Bend  in 2012 with  the  re‐zoning of 240 ha  for 
residential use, with an estimated re‐development timeframe of over 40 years (DELWP 2017). 
The study area contains four sub‐precincts within 240 ha; Montague, Sandridge, Lorimer and 
Wirraway (Figure 1‐1).  
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Figure 1‐1  Location of  the Fishermans Bend urban  re‐development precinct  in Melbourne, Australia, 
including  the  location  of  legacy  landfills  across  the  precinct  (cross  section A‐B  shown  in  Figure  1‐2, 
including the location of a redundant sewer) 
The shallow subsurface is typically underlain by a regionally extensive layer of artificial fill up to 
approximately 5 m  thick  (Neilson 1992). This  fill  layer was  likely used  to provide a  suitable 
“buildable” substrate for initial development. The uppermost natural sediment consists of the 
Port Melbourne  Sand  (PMS),  a  pale  grey‐brown,  fine‐  to medium  sand  which  acts  as  an 
unconfined  aquifer  with  a  shallow  water  table  (Neilson  1992).  The  Coode  Island  Silt  sits 
stratigraphically  below  the  PMS  (although  in  places  they  are  laterally  equivalent)  and  is 
comprised of dark, grey‐brown, soft silty clays with high organic content (Holdgate and Norvick 
2017)  (Figure  1‐2).  Common  contaminant  sources  across  the  precinct  include  the  laterally 
continuous artificial fill  layer, former  industrial sites (e.g. manufacturers) and multiple  legacy 
landfills  that  accepted  both  municipal  (putrescible),  and  construction/demolition  and 
commercial/industrial waste  streams during  the 1930s  to 1990s  (e.g.  Lane Consulting 1999; 
SKM  1999).  The  major  contaminants  of  concern  which  occur  commonly  in  groundwater 
throughout  the  precinct  therefore  include  heavy metals  and metalloids,  and  contaminants 
A
B
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typically associated with  landfill  leachate such as ammonia, bicarbonate and potassium, and 
more recently per‐ and polyfluoroalkyl substances (PFAS). Aging major  infrastructure such as 
sewers and water mains are present across the precinct and are critically important with respect 
to the groundwater flow regime in localised areas (Lerner 2002). 
 
Figure 1‐2 Cross‐section (A‐B) through Fishermans Bend showing the major geological units of relevance 
and the location of two legacy landfills  
Further detail and background about the study area that is relevant to particular topics of this 
research are included in the relevant chapters below as well as supplementary materials (e.g. 
Appendix B).  
1.4 Objectives	and	research	questions	
The objectives of this research were to use data collection and collation, mapping and other 
spatial analysis, and development of a series of geochemical indices/analysis tools to address a 
range of uncertainties with respect to the hydrogeological system and the sources, extent and 
behaviour  of  groundwater  contamination  of  various  types  (landfill  leachate,  PFAS,  heavy 
metals) within 240 hectares of urban re‐development land at Fishermans Bend in Melbourne, 
Australia. These uncertainties are  common  in brownfield areas where  former  land‐uses are 
varied and complex, creating unique challenges for environmental regulators and developers 
seeking to re‐develop the land. Although Fishermans Bend was the study area the analysis tools 
have been developed with the view that they may be applicable  in different hydrogeological 
settings where brownfield precincts are being re‐developed around the world. This research 
primarily aimed to address the following questions: 
1. Is  a  GIS‐based  decision  support  tool  suitable  for  compiling  and  communicating 
hydrogeological data collected across Fishermans Bend; and if so, how can this tool be 
structured and used in order to help address common uncertainties, such as separating 
diffuse contamination from point sources? 
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2. Which suite of tracers is most useful for characterising groundwater recharge and 
quantifying groundwater residence times and sources of salinity at Fishermans Bend?  
3. Are  PFAS  present  in  the  groundwater  at  Fishermans  Bend  and  if  so,  can  the 
concentrations  and/or  ratios  of  different  PFAS  be  used  to  distinguish  different 
contamination sources, for example, enhancing delineation of legacy landfill impacts on 
groundwater?  
4. Which heavy metals are commonly present in the groundwater at Fishermans Bend and 
what statistical and/or geochemical tools are suitable for delineating different sources 
of metals in groundwater?  
The research aimed to develop a simple GIS‐based DST to resolve uncertainties and ambiguities 
regarding groundwater quality and improve understanding with respect to the hydrogeological 
system  and  processes  relevant  to  contamination  assessment  at  Fishermans  Bend. 
Simultaneously,  it  aimed  to  develop  and/or  build  on  existing  isotopic,  statistical  and 
geochemical  tools  and  analytical  methods,  to  help  distinguish  different  groundwater 
contamination sources, including separating diffuse plumes from point sources. This is a major 
challenge in areas with complex hydrogeological conditions and land‐use histories (common in 
urban re‐development precincts such as Fishermans Bend and others). An overarching aim was 
to ensure  that while  the  tool(s) would have direct applicability  to  the  local setting,  they are 
simultaneously applicable to analogous urban re‐development precincts globally. 
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2.1 Preface	
This chapter describes the collection, collation and analysis of groundwater data from a network 
of  36  shallow  bores  spread  across  the  Fishermans Bend  precinct.  Field  and  analytical  data 
collected over multiple seasons from groundwater in these bores were used to create a simple 
GIS‐based DST and  framework  for  the assessment of contaminated groundwater within  the 
precinct  (laboratory QAQC  reports provided  in Appendix C). The  focus  is on utilising  spatial 
hydrogeological datasets and other information to inform the management and/or regulatory 
aspects of groundwater contamination in urban re‐development areas (as opposed to chapters 
3, 4 and 5 which  focus on particular scientific challenges  in  the assessment of groundwater 
contamination sources and behaviour). It is stressed that the framework and accompanying DST 
are intended to complement rather than substitute single‐site assessments and environmental 
audits being completed at individual sites.  
This chapter addresses research question 1 (i.e. “Is a GIS‐based decision support tool suitable 
for compiling and communicating hydrogeological data collected across Fishermans Bend; and 
if so, how can this tool be structured and used in order to help address common uncertainties, 
such as separating diffuse contamination from point sources?”) and shows that using a range 
of  visual/geospatial  tools  to describe  large  groundwater  datasets  can  help  decision‐makers 
better understand  regional hydrogeological controls which may  impact  individual  sites  from 
beyond their physical boundaries, and overcome some of the major challenges associated with 
groundwater  contamination  at  the precinct  scale,  such  as  separating  ‘ambient background’ 
from point source signals, and better delineating diffuse contaminant plumes. It is intended that 
this  approach  may  be  applicable  to  different  hydrogeological  settings  where  brownfield 
precincts are being re‐developed around the world. As an aside, the use of the term ‘redundant’ 
throughout  this  chapter  (and others,  such as Chapter 3) with  respect  to  the  sewer  located 
beneath Ingles Street refers to the fact that the sewer is no longer in use (and not that it has a 
‘redundant’  effect  on  groundwater  flow  ‐  quite  the  opposite).  It  is  also  noted  that  some 
contaminant concentrations are mapped as dot symbols (size relative to concentration), and 
others are mapped in contours of concentration; this was completed based on feedback from 
the Community Workshop (Appendix A) which demonstrated a need to have different ways of 
visualising  the data  to make  it clear  to non‐technical audiences. This chapter  is published  in 
Hydrogeology Journal. 
 21 
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2.2.1 Abstract	
Overcoming barriers  to  large‐scale urban  re‐development on brownfield  land  is an essential 
step in the global drive toward achieving the UN’s sustainable development goals. Arguably the 
most  significant  barrier  is  site  contamination. Decision  support  tools  (DSTs)  are  potentially 
effective ways to assess contaminated sites and evaluate different remediation/management 
strategies as appropriate to local conditions. Whilst there has been extensive development of 
DSTs  for  single  contaminated  sites,  only  a  limited  number  are  available  for  assessing 
contamination at the ‘precinct’ (district) scale. This paper presents a framework and simple DST 
for  the  assessment  of  contaminated  groundwater,  using  Australia’s  largest  urban  re‐
development project, Fishermans Bend in Melbourne, as a case study. The value of the inclusion 
of  precinct‐wide  data  into  individual  site‐scale  investigations  is  demonstrated  via  the DST. 
Common contaminant sources identified across Fishermans Bend include fill contaminated with 
heavy metals,  legacy  landfill  leachate containing heavy metals and per‐ and poly‐fluoroalkyl 
substances (PFAS), and naturally‐occurring ammonia and methane  in organic‐rich sediments. 
By comparison, point sources of heavy metals and PFAS appear related to industrial sources. By 
using  the  DST,  environmental  practitioners  and  auditors  can  more  effectively  separate 
background conditions from point sources, characterise the ambient conditions of the aquifer 
and their relationships to natural and anthropogenic processes, and use contaminant data to 
inform  remedial  options  assessment.  Where  these  increasingly  complex  and  varied 
environmental datasets can be collected,  stored and managed within one central database, 
cross‐ or  inter‐disciplinary  collaborations may drive  improvements  in  solving environmental 
problems which typically arise during the re‐development process.  
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Abstract
Overcoming barriers to large-scale urban redevelopment on brownfield land is an essential step in the global drive toward
achieving the UN’s sustainable development goals. Arguably the most significant barrier is site contamination. Decision support
tools (DSTs) are potentially effective ways to assess contaminated sites and evaluate different remediation/management strategies
as appropriate to local conditions. Whilst there has been extensive development of DSTs for single contaminated sites, only a
limited number are available for assessing contamination at the ‘precinct’ (district) scale. This paper presents a framework and
simple DST for the assessment of contaminated groundwater, using Australia’s largest urban redevelopment project, Fishermans
Bend in Melbourne, as a case study. The value of the inclusion of precinct-wide data into individual site-scale investigations is
demonstrated via the DST. Common contaminant sources identified across Fishermans Bend include fill contaminated with
heavy metals, legacy landfill leachate containing heavy metals and per- and poly-fluoroalkyl substances (PFAS), and naturally
occurring ammonia and methane in organic-rich sediments. By comparison, point sources of heavy metals and PFAS appear
related to industrial sources. By using the DST, environmental practitioners and auditors can more effectively separate back-
ground conditions from point sources, characterise the ambient conditions of the aquifer and their relationships to natural and
anthropogenic processes, and use contaminant data to inform remedial options assessment. Where these increasingly complex
and varied environmental datasets can be collected, stored and managed within one central database, cross- or inter-disciplinary
collaborations may drive improvements in solving environmental problems which typically arise during the redevelopment
process.
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Introduction
In recent decades, the shift towards de-industrialisation of the
world’s major cities has resulted in rapid redevelopment of
brownfield land (Chen and Jiao 2008). The reuse of brown-
fields for housing, parks and recreation has emerged as a key
planning strategy for governments to address growing urban
populations (De Sousa and Ghoshal 2012; Bartke 2013;
Atkinson et al. 2014; UN 2018). Additional benefits of brown-
field reuse include reduced demand for ‘greenfield’ develop-
ment at city fringes, opportunities to foster environmental jus-
tice by lifting the undue burden of pollution from disadvan-
taged communities, and increased economic prosperity
(USEPA 2009; 2015). In line with the UN’s sustainable
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development goals 3 and 11, many government policies such
as those of the UK, Germany, Australia and Czech Republic,
now strongly emphasise the redevelopment of brownfields as
part of their national sustainable development agendas and
urban land use strategies (Dixon et al. 2007; Burke et al.
2015; IA 2016; OGCR 2017).
However, challenges associated with brownfield redevel-
opment include competition from greenfield land due to com-
paratively minor clean-up costs, negative public perception
and community resistance, and potential investment risk
(Alberini et al. 2005; Susilawati and Thomas 2012;
Thornton et al. 2007). Arguably, contamination and its asso-
ciated remediation costs are amongst the most critical of the
challenges and can ultimately determine whether a brownfield
‘site’ (i.e. a single property owned by a single industry or other
landowner) remains idle and derelict or is chosen for redevel-
opment (Frantál et al. 2015; Nogués and Arroyo 2016).
Unregulated waste disposal activities on brownfield land, typ-
ically associated with industrial, commercial and/or military
activities, have resulted in large areas of contamination that
are ubiquitous worldwide (Ionescu-Heroiu 2010). Across
Europe an estimated 2.5 million brownfield sites exist (EEA
2015), with more than 450,000 in the USA (USEPA 2018)
and approximately 160,000 in Australia (Johnston 2010).
Mobilisation of contaminants from these sites can impact eco-
logical systems via discharge of contaminated groundwater to
surface water and threaten plant and animal health if bioavail-
able (Alloway 2013; Moore 1999). Human exposure path-
ways include inhalation of particulates and/or vapours, direct
ingestion of impacted soil or food, and contact with affected
surface waters. Impacts of contamination on ecosystem ser-
vices more broadly include reduced human-use impacts (e.g.
food and fishing), reduced amenity, an altered ability to regu-
late the climate (e.g. via carbon sequestration; Hayes et al.
2018) and less clean water available for sustainable develop-
ment purposes (Garrick et al. 2017; Vadiati et al. 2018).
Decision support tools (DSTs) are potentially effective
ways for decision-makers to identify and assess contaminated
sites, and to evaluate different remediation and management
strategies as appropriate to local conditions (Agostini et al.
2009; Alexandrescu et al. 2017). There are numerous DSTs
devoted to the assessment, management, and remediation of
individual contaminated sites ranging in complexity from sim-
ple models to fully interoperable systems or advancedmodels,
often employing cost benefit or multi criteria analyses (DCLG
2009; Marcomini et al. 2009; Onwubuya et al. 2009; Janža
2015; Criollo et al. 2016). However, only a limited number of
tools are available for the large (or precinct) scale, such as
groundwater vulnerability and risk mapping tools (Aller
et al. 1987; Chen and Ma 2013; Stevenazzi et al. 2015;
Stumpp et al. 2016). Others, such as the EU’s TIMBRE pro-
ject, are designed specifically to compare and prioritise (for
redevelopment purposes) different ‘megasites’, defined as
large (km2) contaminated areas with environmental and eco-
nomic impacts at the regional scale (Carlon et al. 2007).
Whilst megasites are necessarily large, their pollution often
originates from one industry type such as petrochemical dis-
tricts or industrial harbours (Schädler et al. 2012; Bartke et al.
2016). This differs from precincts where large parcels of land
containing many hundreds of individual privately owned sites
with complicated histories, are chosen for redevelopment en
masse. One such example is Fishermans Bend, in Melbourne,
Australia, where past and present land uses include a mix of
heavy and light industrial, commercial, and residential uses.
The ‘precinct scale’, is therefore defined in this paper as
areas consisting of multiple, fragmented, adjoining parcels of
potentially contaminated sites which may contain widespread
regional impacts to the environment, but which may also con-
tain complex, site-specific and spatially isolated contaminant
plumes from a wide array of land owners and industries.
These site-specific plumes may comingle with the regional
pollutants and may have their origins in relatively old sources
which are no longer present in the subsurface, or from new,
continuous source zones. With the emerging use of large
(hectare-scale) precincts for urban redevelopment, there is a
clear need to develop a ‘precinct-scale’ approach to contami-
nation assessment which may inform remediation and man-
agement strategies (Bartke 2013). No framework currently
exists for this purpose in such settings, as far as the authors
are aware.
In this paper, a framework for the assessment of contami-
nated groundwater in urban redevelopment precincts is pre-
sented. An accompanying simple DST, based on a monitoring
bore network spread across 240 ha within Fishermans Bend is
also presented, consisting of a set of geographic information
system (GIS)-based layers representing geological,
hydrogeological and contamination data. Areas where
groundwater contamination crosses multiple site boundaries,
where point source impacts are distinguishable from larger
plumes, and where flow direction is controlled by precinct-
scale influences, are spatially represented. Whilst the use of
GIS in the assessment of contaminated land is not new, the
concept underlying the tool and framework is novel in that: (1)
it has been applied to a precinct incorporating hundreds of
individual sites with potentially contaminated land and
groundwater, (2) it has been initiated and implemented by
the regulator (the Environment Protection Authority
Victoria) who will be the ongoing custodian of the dataset,
and (3) contaminated land practitioners will have access to
the data and, potentially, sampling locations in order to con-
tinue building the dataset and provide up-to-date context for
site-specific assessments being completed in the area. Under
the current Environment Protection Act in the study location
(as in many areas of the world), the focus is on the collection
of data from within the site being redeveloped itself, with
limited requirement for the assessment of regional
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hydrogeological and geochemical conditions and processes
(although this can be examined as part of desktop site assess-
ments where information is accessible). The framework may
thus help decision-makers to better understand the regional
hydrogeological controls which may impact sites from be-
yond their physical boundaries, and to overcome some of
the major challenges associated with groundwater contamina-
tion at the precinct-scale such as separating background—
used in this paper to denote ‘ambient background’, as defined
in Reimann and Garrett (2005)—from point source signals by
better delineating diffuse contaminant plumes. It is stressed
here that the framework and accompanying DST are intended
to complement rather than substitute single-site assessments
and environmental audits. Where such a framework has not
previously been in place for analogous urban-redevelopment
sites—for example, during the redevelopment of the
Docklands Area in Melbourne from 2000 to 2010 (Bolton
et al. 2013)—delays and increased costs to the overall project
have occurred, driven by unnecessary repeat work at
neighbouring sites to characterise the hydrogeological and
contaminant conditions. Lastly, the framework may also equip
environmental and planning authorities with vital contamina-
tion information required in the early stages of the planning
process to ensure land reuse options are feasible. This may
ultimately drive improvements in the overall approach taken
by contaminated land practitioners to assessing, remediating
and managing contamination at the precinct-scale, applicable
across geographic, social and economic boundaries.
Framework development
Identification of problems associated
with the precinct scale
Contaminated groundwater assessment, remediation andman-
agement have traditionally been an individual site-specific
exercise in all facets; in-situ characterisation, delineation, risk
assessment, selection and deployment of remedial tech-
nique(s), and assessment of management options. To develop
a framework for assessment of contaminated groundwater ap-
plicable at the precinct scale, key differences between these
two types of assessments were evaluated. For instance, whilst
local risk assessments are concerned with exact absolute def-
initions of the potential risk, precinct-scale assessments are
driven by a comparative evaluation (often necessarily includ-
ing a spatial analysis) of different contaminated sites, which
may impact several receptors simultaneously (Agostini et al.
2012). Precinct-scale assessments are thus concerned with the
relative importance of individual sites within a precinct, even-
tually leading to the identification of high-risk sites or areas,
and their potential prioritisation using complementary risk
ranking tools (e.g. CRC CARE 2016). Environmental and
planning decision-makers therefore need to be clear about
the major uncertainties and objectives involved in redevelop-
ment at the precinct scale. Table 1 presents a list of key ques-
tions relevant to the assessment of contamination within pre-
cincts, as distinct from typical site-by-site assessments. The
questions are grouped according to hydrogeology, environ-
mental condition (contamination), potential risks, and risk as-
sessment, and demonstrate the level of careful consideration
required upfront by environmental practitioners and urban
planners before redevelopment commences. Table 2 presents
a list of key questions relevant to the remediation and/or man-
agement stages of the redevelopment process applicable at the
precinct scale. The questions are grouped according to reme-
dial end-points, remedial options and management options,
and demonstrate the level of ongoing consideration of con-
tamination required by environmental practitioners and urban
planners throughout the entire redevelopment process, and
potentially well into the future.
Framework
The framework is presented in Table 3 and incorporates 10
key stages designed to guide practitioners and/or regulators
through the assessment of contaminated groundwater at the
precinct scale and development of the simple DST. The frame-
work is not designed to remove the need for environmental
audits on individual sites across a given precinct; rather it
seeks to facilitate consideration and addressing of the ques-
tions outlined in Tables 1 and 2 associated with the precinct
scale.
Framework outputs: decision support tool
The central database created as an output of the framework
can operate as a simple DST, assuming data are properly col-
lected, stored, managed and made easily accessible. This may
allow relevant stakeholders (environmental practitioners and
regulators) to set the management objectives for which the
tool is created, and customise the design and structure based
on software, data and resources available to them. In this case,
the DST is crafted using commonly available GIS software
and populated with a range of data collected by the regulator
and targeted additional sampling campaigns, with the inten-
tion that further data will be continually added from future
sampling campaigns and environmental audits. Ideally the
tool is, as is the case for this DST, developed in the initial
stages of the overall redevelopment process, as part of a fea-
sibility study into potential reuse options for the precinct. This
way, upfront knowledge about contamination and its associ-
ated risks, and precinct-wide characteristics and processes,
can help inform (1) environmental practitioners regarding
where to concentrate their efforts, (2) governments and
developers/investors on the possible remediation approaches
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Table 1 Questions and uncertainties relevant to precinct-scale assessment of contaminated groundwater
Hydrogeology
- Does the precinct encompass one or many recharge, through-flow and/or discharge zones?
- Are there multiple aquifers to consider, and if so, what is the aquifer material? Are these aquifers interconnected
(either horizontally or vertically)? If hydraulic connectivity exists, is this likely to be the case
right across the precinct, or isolated to certain areas?
- What are the existing controls on water-table depth, groundwater flow direction and velocity, and hydraulic gradient?
Are these controls in place right across the precinct, or in isolated areas? (e.g. artificial draining or recharging
influences from underground infrastructure, or effects on flow directions induced by groundwater extraction or dewatering processes)
- What implications to groundwater (in terms of active recharge, depth to the water table, hydraulic gradient and/or contaminant behaviour)
might follow from developing on existing vacant land, or converting developed space to green space within the precinct?
Environmental condition (contamination)
- What is the nature and extent of groundwater contamination? Are there multiple overlapping groundwater plumes
(i.e. comingled contamination)? If so:
- How extensive and connected are the groundwater plumes?
- Could contamination from one area feasibly migrate to another if mobilised in the groundwater?
- How much combined contaminated groundwater (e.g. from multiple properties) discharges to sensitive
surface water receptors? (i.e. mass flux/discharge estimates)
- Are there tools available to help differentiate contaminant sources?
- What are the existing controls on groundwater contaminant mobility and fate? Are these controls in place
right across the precinct, or in isolated areas? (e.g. Are there distinct zones of redox and/or pH conditions,
and if so, how do these zones affect contaminant mobility, transport and degradation?)
- What underground infrastructure is present that could be impacting groundwater quality (e.g. gas and fuel pipelines,
storm-water infrastructure and/or sewers)? If impacts to groundwater from such infrastructure is possible, are the impacts likely to
be diffuse, or occurring in isolated areas (e.g. where leaks may be present)? Is the water table typically above or below such infrastructure?
- Are there areas where groundwater is uncontaminated and could be used for beneficial uses? If so, could
water be pumped efficiently and sustainably at these locations?
- Based on available desktop data, what approach to sample collection should be taken to ensure an accurate
representation of ambient background conditions across the precinct? (e.g. Should a grid-based or a more
targeted approach be used to avoid areas likely impacted by point sources?)
- Are new techniques available to accurately and efficiently characterise the extent of precinct-wide contamination?
(e.g. remote sensing or geophysical surveys)
- What new/emerging contaminants might need to be considered in current and future assessments?
Potential risks to human health and/or the environment
- What/who are the major receptors? Who will the future population (potential receptors) consist of?
(e.g. future groundwater users, future interactions with surface waters via dermal contact, ingestion)
- What are the beneficial uses of groundwater and do these differ across the precinct? Do certain areas need
to be treated more carefully in terms of sensitive receptors?
- What will the future use(s) of the precinct be? Will these be the same across the precinct?
- Are there existing industries within the precinct who might wish to continue operating, and if so, what effect
could this have in terms of risks to new residents?
- Will site-specific risk assessments be required for highly contaminated sites?
- What future risks might transpire? (e.g. effects on water-table depth related to changes in climate,
including increased temperature and evapotranspiration, and/or increased surface-water flooding)
Risk assessment
- What type of risk assessment should be used, given the potentially large spatial extent of contamination?
(e.g. should the risk assessment be qualitative, semi-quantitative or quantitative?)
- Are there multiple risk factors (e.g. environment and human health) that require consideration?
- Are there common receptors between multiple properties?
- Are there overlapping exposure areas between multiple properties?
- Should generic guidelines versus precinct-specific, risk-based guidelines be adopted?
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and their likely associated timeframe and costs, (3) urban
planners on precinct design, e.g., where safe (i.e. low or no
risk) areas exist and may subsequently be used for sensitive
uses such as parks and gardens, (4) architects on building
design (e.g. where basement design needs to consider poten-
tial volatile contaminant migration from soil and groundwater
contamination), and (5) existing land owners on awareness of
their responsibilities regarding contamination. Placement of
the simple DST within the overall redevelopment process is
shown in Fig. S1 of the electronic supplementary material
(ESM).
Case study application
Precinct characteristics
Fishermans Bend is located approximately 1 km southwest of
the Central Business District of Melbourne, Australia
(Fig. 1a). It is located near the mouth of the Yarra River, on
Quaternary river-delta sediments (Holdgate and Norvick
2017). The shallow subsurface is typically underlain by a re-
gionally extensive layer of artificial fill up to approximately
5 m thick (Neilson 1992). The uppermost natural sediment
consists of the Port Melbourne Sand (PMS), a pale grey-
brown, fine-to-medium sand which acts as an unconfined
aquifer with a shallow water table (Neilson 1992). The
Coode Island Silt sits stratigraphically below the PMS, al-
though in places they are laterally equivalent, and is com-
prised of dark, grey-brown, soft silty clays with high organic
content (Holdgate and Norvick 2017; Fig. 1b). The area was
developed from shallow coastal swampland into industrial
land during the latter half of the nineteenth century, with au-
tomotive and aircraft manufacturing, metal plating and fabri-
cation, and plastic and packaging manufacturing prominent
among many local industries. Across the area there are seven
known legacy landfills that accepted both municipal and/or
industrial waste during the 1930s to 1990s (Fig. 3). Two of
Table 2 Questions and uncertainties relevant to precinct-scale remediation and/or management strategies
Remedial end-points
- Can a consensus be reached regarding remedial end-points for parts or the whole of the precinct, given different land use requirements and potentially
conflicting stakeholder notions of acceptable risk? End-points may be:
- Returning land to a baseline status of contamination
- Addressing regulatory requirements
- Risk-based endpoints based on individual site or precinct-specific risk assessments (e.g. to make the land ‘fit for purpose’) potentially involving
the demonstration of ‘Clean Up to the Extent Practicable’ (CUTEP) (or similar concept)
Remedial options
- Which remedial option should be chosen for which parts of the precinct?
- Should remediation be based on site-specific or precinct-wide guideline values? Could regulators derive a set of ‘regional (ambient) background’
concentrations (Reimann and Garrett 2005) for the major contaminants of concern?
- Are there existing residential communities around the perimeter of the precinct which could be adversely impacted by certain remedial options?
- Does the potential exist for groundwater quality or quantity to be inadvertently reduced down-hydraulic gradient of the precinct by way of remedial
activities?
- Can neighbouring stakeholders agree on a remedial technique which fits their time, cost, technical feasibility and sustainability requirements?Would
this kind of collective remediation (i.e. which might occur across multiple individual properties, or entire zones within the precinct), as opposed to
site-by-site remediation, result in cost savings and/or efficiencies (e.g. via shared resources and improved environmental outcomes resulting from
having remediated a plume in its entirety)?
- If redevelopment occurs over a long time-frame (decades), how can neighbouring properties remediate together, if they are at different stages of the
redevelopment process?
- Which stakeholders are responsible for remediation costs in which parts of the precinct?
- If multiple individual site owners are involved in remediation, how can the costs be split fairly?
Management options
-Which existing regulatory controlsmight bewell-suited for potential modification/application at the precinct scale? (e.g. Could groundwater usage be
restricted in parts or the whole of the precinct?)
- Rather than active remediation, could buffers and/or isolation distances be applied to high-risk areas, and could this information be shared early (i.e.
proactively as opposed to retrospectively) with urban planners to ensure appropriate, ‘fit for purpose’ development occurs within these areas?
- Can natural attenuation be determined for certain contaminants in certain parts of the precinct as a justification for ongoing monitoring rather than
active remediation?
- Are there procedural mechanisms which can be put in place to significantly reduce environmental audit costs where risks are lower? (e.g. by making
the audit system scalable to the nature of the risks and/or allowing for an opt-out systemwhere risk-based screening processes indicate a lower risk)
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Table 3 General framework for assessment of contaminated groundwater, development of the simple decision support tool, and potential benefits of
application at the precinct scale
Stage No. Examples of added complexities/uncertainties at the
precinct scale
Potential benefits of application at the precinct scale
1. Collate and review existing information
(desktop review)
- Potentially hundreds of individual
privately-owned sites across the precinct
- Changes to property boundaries over time (large
sites may now contain n sites)
- Access to privately owned data
- Magnitude of data available; historic/current,
multiple sources (public/private)
- May allow for identification of large areas
comprising similar land uses and contaminant
sources (and thus simplification of the precinct)
2. Develop a preliminary conceptual model
of the precinct
- Multiple sources, pathways and receptors to
consider, many of which may overlap
- Characterising aquifer-scale processes and geo-
chemistry will help determine groundwater
recharge, through-flow and discharge areas;
aiding source-pathway-receptor assessments
3. Install baseline groundwater monitoring
bores using a grid approach, or targeted
locations likely unimpacted by point
sources
- Determining the minimum amount of data points
required to make an informed assessment of
precinct-wide risks
- Timely and simultaneous communication with
multiple stakeholders
- Permit requirements for bore installation from
multiple land owners/tenants
- Land within the precinct may span multiple
jurisdictions
- Better regional flow gradients may be established
(i.e. by avoiding individual sites where artificial
processes such as mounding/depressions might
falsely alter the regional gradient), which may
help confirm/deny the possibility of off-site im-
pacts to neighbouring sites
4. Identify commonly occurring
contaminants in the groundwater and their
potential sources
- Determining efficient sampling techniques and
which contaminants to sample for
- Undertaking statistical analysis to determine
commonly occurring contaminants (e.g. by
removing any point source spikes and calculating
baseline concentrations where possible)
- Separation of regional plumes from point sources
may prevent inaction on individual sites where
contamination exceeds regional levels and where
‘regional pollution’ has previously been cited as
a reason for inaction
5. Investigate potential impacts on surface
waters
- Multiple groundwater discharge points
- Local flow paths may differ from regional flow
paths
- Clearer identification of relationships between
local, intermediate and regional groundwater
flow systems
6. Refine the conceptual model of the
precinct
- Multiple sources, pathways and receptors to
consider, many of which may overlap
- Clearer delineation of overall impacts (from
multiple sites) on a given receptor if it receives
groundwater from more than one impacted site
7. Store data in a publicly accessible central
database (with a central custodian) to be
used as a decision support tool
- Multiple users inputting multiple data types
- Strict protocols therefore required for data
collection, uploading, storage and management
(e.g. tagging of each data point with its GPS
coordinates)
- May encourage efficiencies in the environmental
audit system (e.g. faster and better-informed au-
dits)
- May allow for quantification of long-term im-
provements in groundwater quality
8. Develop protocols and/or guidelines for
future sampling and analysis of the bore
network
- Bore integrity may be compromised if network is
used by multiple stakeholders employing
different sampling methods and/or conducting
aquifer tests with the potential to affect sur-
roundings areas (e.g. pumping, slug or tracer
tests)
–
9. Establish roles and responsibilities for all
stakeholders to ensure findings are shared
and communicated
- Multiple stakeholders (e.g. a central governing
body, auditors, assessors, developers, regulators)
- Coordination between stakeholders required (e.g.
assessments, monitoring and remediation
undertaken by a variety of environmental
practitioners)
- Early, clear and frequent communication of
findings from field data to all relevant
stakeholders may help avoid repeat work and
may benefit assessments occurring near the
tested bores
10. Use data to inform ongoing management
options and/or remedial actions
- Data accessibility and awareness of the database
for all relevant stakeholders
- May help guide policy decisions, such as
restricted use of groundwater over part, or the
whole of the precinct
- May ensure collective remediation efforts where
large plumes span multiple site boundaries
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these landfills have been the subject of environmental audits,
which provide some limited information about the degree of
soil and groundwater contamination (Lane Consulting 1999;
SKM 1999). Urban renewal began in 2012 with the rezoning
of 240 ha for residential use, with an estimated development
timeframe of over 40 years (DELWP 2017a). The study area
contains four sub-precincts within the 240 ha; Montague,
Sandridge, Lorimer and Wirraway (Fig. 1a).
Framework application
The Victorian Environment Protection Authority (EPA
Victoria) contracted various consultants to complete stages 1
through 6 of the framework (see Table 3; Golder 2012;
AECOM 2015, 2016). Details related to the installation of a
precinct-wide network of monitoring bores (stage 3 of the
framework) are given in the following section ‘Data collec-
tion, storage and management’. The research team participat-
ed in these stages also, collecting targeted additional contam-
inant data using complementary techniques (including x-ray
fluorescence and additional soil and groundwater sampling).
Stages 7–10 of the framework are currently ongoing, involv-
ing collaboration between the research team, regulator and
other stakeholders—for example, two workshops with com-
munity members/organisations were also held to assist the
development of the simple DST, as per stage 9 of the frame-
work (Mullett 2017).
Data collection, storage and management
Thirty-six shallow bores were installed across Fishermans
Bend in November 2015 using hollow flight augers. Bore
locations were based on a random grid pattern and installed
in public areas (e.g. roads and footpaths), to avoid direct point-
sources of contamination (Fig. 1a). Bores were screened be-
tween 1.2 and 7.0 m below ground surface, predominantly in
the Port Melbourne Sand. A total of 128 groundwater sam-
ples, including five duplicates and five triplicates, were col-
lected from these bores, plus two additional preexisting bores,
over five sampling campaigns: November 2015, May, June,
August 2016 and May 2017. Data collection techniques
followed standard methods of groundwater sampling and
analysis (see Table S1 of the ESM). Groundwater elevations
were measured using an interface probe (Solinst) in
November 2015, May, August and October 2016, and
May 2017. Data were stored and managed in ESdat (EScIS
2018), converted into grid files using Surfer (Golden Software
1983) and then exported as shape files for visual display in
ArcGIS (Esri 1969). The data are displayed in contour format
(e.g. groundwater elevations) or point format (e.g. contami-
nant concentrations and bore logs) as appropriate.
Decision support tool: outputs
The outputs included below are a selection of some of the
main data types and layers collected and compiled as part of
the DST. An exhaustive list of the data types and layers pro-
duced within the tool is available in Table S1 of the ESM.
Below, a series of outputs from the DST are provided as ex-
amples of those which can help characterise precinct-wide
hydrochemical processes of interest within the framework.
Groundwater elevation and flow direction
Groundwater flow predominantly converges in the central part
of Fishermans Bend towards a redundant sewer (Fig. 1). The
effect of this is to redirect groundwater away from a
topography-driven drainage path. No seasonal changes in this
flow direction were observed during eight separate monitoring
events over an 18-month period. Groundwater elevations in
the west (and potentially east) of the study area indicate flow
towards Hobsons Bay.
Groundwater quality and geochemistry
Groundwater salinity as total dissolved solids (TDS) and
oxidation-reduction potential (ORP) for the water-table aqui-
fer are presented in Fig. 2a. Summary statistics for TDS are
included for winter and autumn to highlight seasonal variabil-
ity across the precinct, in this case dilution effects in winter
related to lower temperatures, slightly higher rainfall and low-
er potential evapotranspiration (PET), and concentration ef-
fects in summer through autumn. The TDS and ORP maps
are underlain by the geological map to highlight the precinct-
wide relationship between lithology and groundwater salinity
and redox conditions. TDS across the precinct varies from 91
to 23,920 mg/L, with the values significantly higher in the
Coode Island Silt (median = 19,490 mg/L) than the Port
Melbourne Sand (median = 931 mg/L). Similarly, redox con-
ditions in the Coode Island Silt (mean ORP = –224 mV) differ
significantly from those in the Port Melbourne Sand (mean
ORP = –25 mV), with the salty, reducing conditions of the
Coode Island Silt aquitard potentially influencing contaminant
behaviour—e.g. reductive dissolution of Fe-Mn oxides or Al
hydroxides and/or microbial sulfate reduction)—as is com-
mon in organic-rich, deltaic sediments (Wang et al. 2016;
Kumar et al. 2016; Hepburn et al. 2018).
Fluoride concentrations are also presented in Fig. 2b as an
example of how the tool can be used to assess a precinct-wide
effect on groundwater chemistry; namely, interaction between
groundwater and reticulated water and sewerage networks.
Fluoride concentrations range from 0.1 to 1.9 mg/L across
Fishermans Bend and generally indicate a positive spatial cor-
relation with sewer location; elevated fluoride concentrations
are more common in the Montague and Sandridge sub-
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precincts where reticulated water and sewerage networks are
more densely distributed, indicating potential leakage of these
networks may be a common issue in these sub-precincts, com-
pared to the Wirraway and Lorimer sub-precincts.
Groundwater contamination associated with legacy landfills
Groundwater ammonia (as N), dissolved methane and
perfluorooctanoic acid (PFOA) concentrations for the water-
table aquifer are presented in Fig. 3, including the location of
legacy landfills which are hypothesised to be the predominant
sources of these contaminants. Bores installed directly in
waste material and down-gradient from legacy landfills (e.g.
GW01, GW02, GW06 and GW07) exhibited evidence of
leachate contamination in the form of elevated concentrations
of ammonia-N (up to 106 mg/L) and dissolved methane (up to
10.4 mg/L in selectively sampled bores; n = 19). PFOA exhib-
ited positive correlations with these landfill leachate indica-
tors, for example a strong positive linear correlation (R2 =
0.69) was found between the proportion of PFOA in the
sum of detected PFAS (PFOA/∑PFAS) and ammonia-N con-
centrations (log-transformed) in groundwater (Hepburn et al.
2019a, b). This is consistent with previous research showing
relatively high proportions of PFOA/∑PFAS associated with
municipal landfill leachates, and more conservative behaviour
Fig. 1 a Map of the study area including bore and audit site locations
(discussed in section ‘Case study sites’), cross-section A–B (shown in b),
and groundwater elevation in metres above the Australian Height Datum
(AHD) (arrows depict direction of groundwater flow) for November
2015; bCross-section A–B showing the major geological units of interest
to the case study
Fig. 2 a Groundwater salinity (contours; as TDS mg/L) with groundwater oxidation-reduction potential (mV); b groundwater fluoride concentrations
(mg/L) including sewer line locations
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of perfluoroalkyl carboxylic acids (PFCAs) during subsurface
transport compared to perfluoroalkyl sulfonates (PFSAs)
(Eschauzier et al. 2013; Gallen et al. 2017; Hamid et al.
2018). This indicates that PFOA (and other PFCAs) may be
a common issue across Fishermans Bend, particularly in the
Wirraway sub-precinct where multiple legacy landfills are lo-
cated. Another source of ammonia and methane in the eastern
part of the precinct includes the Coode Island Silt sediment
where the natural breakdown of organic matter produces ele-
vated concentrations of ammonia (as N; ranging from 26.4 to
47 mg/L) and methane (from 0.69 to 1.23 mg/L) in ground-
water (Fig. 3).
Groundwater contamination associated with point sources
Concentrations of lead, perfluorooctanesulfonate (PFOS) and
perfluorohexane sulfonate (PFHxS) in groundwater within the
Sandridge sub-precinct are presented in Fig. 4, including the
location of legacy landfills and industrial sites hypothesised to
be the predominant sources of these contaminants. Detectable
concentrations of lead ranged from 0.001 to 0.011 mg/L and
occurred in isolated areas only, potentially related to landfill
leachate (GW05, GW10), a metal casting factory (GW30) and
fill leaching (GW22; Hepburn et al. 2018). Selectively sam-
pled bores (n = 13) showed highly variable concentrations of
PFOS (median = 26 ng/L; range: 1.3–4,800 ng/L) and PHFxS
(median = 34 ng/L; range 2.6–280 ng/L) across Fishermans
Bend (Hepburn et al. 2019a). At bores GW05, GW20 and
GW25, the most likely source appears to be a legacy landfill
where a mix of waste types such as domestic and/or construc-
tion and industrial waste may have been accepted. In contrast,
the most likely source of PFOS and PFHxS at GW23, GW26
and GW27 may be a current paper manufacturing and pro-
cessing facility, or a former chemical manufacturing factory
where a historic chemical spillage may have occurred,
resulting in a localised plume (URS 2014; Hepburn et al.
2019a; Fig. 4).
Discussion
Case study sites
To demonstrate the applications and effectiveness of the DST
to complement and inform site-specific contaminant assess-
ments, two individual sites within Fishermans Bend were cho-
sen for detailed analysis and discussion (Fig. 1a). These sites
have previously been the subject of environmental audits
(Environment Protection Act 1970) and as such, the data
and reports are publicly available. With the assistance of the
DST, these sites can now be assessed in conjunction with
precinct-wide data to gain an enhanced understanding of re-
gional processes that may be important in the context of the
questions raised in Tables 1 and 2 about contaminant and
remediation and management strategies.
Fig. 3 Groundwater ammonia-N concentrations (mg/L; contours) and groundwater dissolved methane (mg/L) and PFOA concentrations (ng/L) in
selectively sampled bores, including legacy landfill locations
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Audit site 1
This site represented one of Melbourne’s oldest industrial fa-
cilities, manufacturing candles, soaps and various other oleo-
products and margarine from 1856 to 2013 (URS 2014).
Several conclusions regarding groundwater flow direction
and contamination were drawn based on available data, the
limitations of which were acknowledged at the time. With the
additional precinct-wide data now available from the simple
DST, several clarifications and confirmations can be made
which are of relevance to decisions regarding contaminant
assessment and remediation.
Onsite groundwater bores indicated flow in a south west-
erly direction, inferring a draining influence from the Ingles
Street sewer (Fig. 5a). The auditor noted at the time that this
inference was based on a single gauging event and did not
consider temporal variations. The precinct-wide groundwater
elevation dataset, recorded across multiple seasons over an
18-month period, confirms the auditor’s suspicions of the
sewer’s influence on groundwater flow (Fig. 5a). It also high-
lights the regional and temporally consistent nature of the
influence. In the short to medium term, this may have poten-
tially beneficial implications for site-specific risk assessments
completed in the area, in that contaminated groundwater is
currently redirected away from sensitive surface-water bodies.
However, in the long- term, consideration of scenarios in
which sewer repair is undertaken and groundwater reverts to
a topography-driven drainage path, may be required. For
many sites, this may reverse groundwater and contaminant
flow direction entirely, warranting a risk assessment of new
down-gradient receptors.
Groundwater at the site contained elevated ammonia (as N)
ranging from 0.3 to 24 mg/L, and variable salinity ranging
from 420 to 10,000 mg/L TDS. The environmental audit
largely attributed the elevated ammonia to background condi-
tions, listing two potential sources: (1) underlying Coode
Island Silt sediments known to contain naturally occurring
ammonia related to organic matter breakdown, and (2) back
leakage from the Ingles Street sewer. The breakdown of or-
ganic compounds derived from onsite activities was also listed
as a potential source. Given the site’s location in an area where
Coode Island Silt sediments are present at shallow depths (see
geology underlay in Fig. 3), naturally occurring ammonia
from these sediments was suspected as the most likely source.
With assistance from precinct-wide layers and datasets in
the DST, three additional lines of evidence are available to
support the inference that ammonia is more likely to be rep-
resentative of a larger plume, as opposed to a site-derived
point source. First, a positive correlation between groundwater
ammonia concentrations and salinity onsite (R2 = 0.67, n = 13)
is reflected across the precinct—R2 = 0.61, n = 109 (excluding
groundwater impacted by legacy landfills)—and is particular-
ly evident in groundwater impacted by, or within, the Coode
Island Silt sediments (R2 = 0.73, n = 25; see Figs. 3a and 4a).
Second, a more comprehensive conceptual site model, made
possible by the inclusion of regional data (Fig. 5b), high-
lights the importance of transitional material often present
at the base of the Port Melbourne Sand. This material
Fig. 4 Groundwater dissolved lead (mg/L) and PFOS and PFHxS (ng/L) concentrations in selectively sampled bores, including legacy landfill locations
and historic industries of interest
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consists of silty sand and/or sandy silt and appears to act as
somewhat of a mixing zone between the two units, where
salinity and ammonia concentrations are likely to be ele-
vated in comparison to the Port Melbourne Sand. Lastly,
precinct-wide ammonia concentrations do not appear to
positively correlate spatially with proximity to Ingles
Street, suggesting that back leakage from the sewer is an
unlikely source of ammonia to groundwater onsite.
At the time of the audit (2014), PFAS were considered
relatively new and emerging contaminants in Australia
and were not typically sampled for; as a result, the envi-
ronmental audit contains no information on these com-
pounds. As part of the DST, however, 14 PFAS were
analysed in a sub-set of bores across Fishermans Bend
(n = 13); one bore with PFOS and PFHxS concentrations
significantly higher than the others (GW27; 4,800 and
Fig. 5 a Groundwater elevation (mAHD) contours for Audit site bores and Fishermans Bend bores, including cross-section A–B (shown in b); b cross-
section A–B through the Audit site, including additional bores from the precinct-wide monitoring network
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280 ng/L, respectively), and two nearby bores (GW23 and
GW26), appear to have been affected by a common point-
source related to industrial contamination, potentially at-
tributable to a nearby paper manufacturing/processing fa-
cility or the environmental audit site where it is known
that surfactants were used (URS 2014; see also section
‘Groundwater contamination associated with point
sources’ and Fig. 4). Therefore, one of the major benefits
of a precinct-wide bore network providing data for the
DST is that these bores may be used by future practi-
tioners (where access is granted) to prescreen the precinct
for any new or emerging contaminants. Where such con-
taminants are detected in these bores, detailed sampling at
nearby sites may be required to delineate the source and
assess the risk.
Audit site 2
This site had previously been used as a shop dwelling, an
electrical engineer’s workshop, a garage and an automotive
detailer (Senversa 2013). Given its small size (255 m2), only
one monitoring bore was installed at the site. As such, ground-
water flow direction could not be resolved; however, it was
inferred that groundwater would discharge to the north to-
wards the Yarra River. Had the simple DST been available, a
more thorough analysis of groundwater flow direction from
the site would have been possible, indicating flow in both a
northerly and easterly direction.
Groundwater at the site contained elevated concentra-
tions of heavy metals—including chromium (VI), cobalt,
copper, manganese, nickel, selenium, zinc—as well as
fluoride. The environmental audit concluded that these
contaminants were relatively typical of shallow uncon-
fined aquifers in urban settings, where multiple diffuse
sources exist. By comparing onsite concentrations of
these contaminants to those in the precinct-wide datasets,
it can be confirmed that most onsite contaminant concen-
trations were within the typical ranges for the precinct,
adding weight to the auditor’s conclusions (Table 4). Of
exception, however, were chromium VI and selenium,
which were not detected above the limit of reporting in
the precinct-wide dataset, and fluoride, which had a max-
imum concentration below that measured onsite.
Whilst these results indicate a potential site-derived
point source for these contaminants, the environmental
audit identified no ongoing sources of contamination.
The precinct-wide data indicate that some further data
collection and/or investigation of possible nearby sources
of these contaminants may be warranted. In general,
where groundwater contamination at individual sites is
attributed to ambient conditions rather than site activity,
comparison of site concentrations to the precinct-wide
datasets is likely to prove more effective and useful than
current practices, which are to compare concentrations to
standard literature values or to nearby audit sites. This is
because the DST data are more likely to be representative
of ‘ambient background’ conditions. As demonstrated in
sections ‘Groundwater contamination associated with leg-
acy landfills’ and ‘Groundwater contamination associated
with point sources’, metals are sourced from a combina-
tion of fill and groundwater plumes (typically related to
landfill leachate or industrial activities), both of which are
responsible for the concentration ranges (particularly evi-
dent in the Port Melbourne Sand) shown in Table 4.
Therefore, another major benefit of a precinct-wide bore
network is that it not only provides useful datasets, but
also an understanding of common or recurring contami-
nant sources to groundwater, which is vital for a compre-
hensive interpretation of site-scale investigations.
Broader uses of the framework
The framework for the assessment of contaminated ground-
water at the precinct scale may also help decision-makers and
stakeholders overcome some of the major environmental, eco-
nomic and technical challenges (Tables 1 and 2) associated
with redeveloping urban precincts, discussed as follows.
Table 4 Maximum
concentrations of heavy metals in
groundwater at the audit site and
across the precinct
Chemical Maximum concentration (ug/L) in:
Audit site bore Port Melbourne Sand Coode Island Silt
Chromium (VI) 2 <10 <10
Cobalt 4 Not measured Not measured
Copper 10 1–200 1–50
Manganese 150 1–4,360 80–750
Nickel 92 1–541 3–200
Selenium 32 <10 <10
Zinc 130 5–1,210 6–70
Fluoride 3,100 100–1,900 100–800
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Characterising ambient background contaminant
concentration levels
By collecting precinct-wide datasets in ‘background’ areas,
i.e. areas unlikely to have been impacted by point sources
but which may be affected or disturbed by anthropogenic in-
fluences and as such are no longer pristine (Reimann and
Garrett 2005), the ambient background conditions of the aqui-
fer can be characterised. This is required in order to properly
assess what sort of contaminant concentrations may reason-
ably be attributed to ‘background’ (cf. contamination) sources.
For instance, groundwater recharge, through-flow and dis-
charge zones can be identified, within which zones containing
typical levels of major ions and trace elements, related to the
natural geochemical evolution along a flow-path, may be
characterised—for example, where the Port Melbourne Sand
is a lateral equivalent to the Coode Island Silt in the north east
of the study area (Holdgate and Norvick 2017), a transition
from fresh, oxic, low-ammonia groundwater to saline, reduc-
ing, ammonia-rich groundwater occurs. This knowledge al-
lows for the assessment of ambient background vs. contami-
nation concentrations for major elements such as chloride and
sulfate which typically increase with salinity; and ammonia,
which is often a contaminant of potential concern. Preferential
flow paths for contaminant migration (e.g. natural sand lenses
or artificial drainage lines created by underground infrastruc-
ture such as sewers) may also be identified and provide im-
portant context for assessing concentration data.
As such, commonly occurring contaminants and impacts of
aquifer-scale hydrochemistry on contaminant concentration,
transport and degradation may be identified and integrated
into site-scale investigations. This can allow for greater focus
and effort to be prioritised to risks related to site activities (as
opposed to natural influences)—for example, Fishermans
Bend contains: (1) a laterally extensive fill layer which acts
as an ongoing source of heavy metals to groundwater
(Hepburn et al. 2018); (2) naturally occurring ammonia and
low levels of methane production from the breakdown of or-
ganic matter within the Coode Island Silt; and (3) naturally
occurringmetals from the weathering of parent material across
the precinct. Were individual parcels of land to be assessed
and remediated on a site-by-site basis without the inclusion of
these precinct-wide data and trend analysis across the region,
delays and increased costs to the overall project could occur,
as was the case during the redevelopment of the Docklands
Area nearby in Melbourne from 2000 to 2010 (Bolton et al.
2013).
Distinguishing large plumes from point sources
Where large plumes crossing multiple property bound-
aries are identified in the precinct-wide layers of the
DST (e.g. salinity in Fig. 2a and ammonia in Fig. 3),
separation of these signals from point sources related to
individual site activities may be achieved more easily
using the DST. Higher-density monitoring networks on
individual sites would still be required to detect smaller
plumes originating from point sources; however, the
precinct-scale data made available through the DST would
help contextualise these smaller plumes—for example in
terms of hydraulic conductivity, groundwater flow pat-
terns and the surrounding ambient contaminant concentra-
tions. This may prevent inaction regarding remediation or
risk management on individual sites where contamination
exceeds precinct-wide levels and where ‘regional’, ‘back-
ground’ or ‘ambient’ pollution has previously been cited
as a reason for the inaction. Where large plumes can be
spatially correlated with current or historic land uses (e.g.
legacy landfills or large chemical manufacturing facilities
as demonstrated in Figs. 4 and 5, respectively), they may
be necessarily identified as high-risk areas and efforts
may be later focused on their delineation and collective
clean up. Initially, however, this information may facili-
tate the early stages of the redevelopment process in two
key ways. First, contaminant data including type, concen-
tration, and lateral and vertical extent, may be used to
make initial estimates regarding the amount, and potential
costs, of remediation required. These data may be fed into
preliminary economic modelling to determine whether
precinct redevelopment is in fact viable and whether gov-
ernment intervention is required (e.g. by potential funding
assistance and/or regulation).
Second, if intervention is deemed necessary to ensure time-
ly, safe and effective redevelopment, regulators may use the
contaminant data in co-operation with investors and devel-
opers, to define remedial end-points. An end-point may be,
for example, based on precinct-specific risk assessments to
ensure the land is fit for purpose, or an end-point may be to
restore the beneficial uses of land and groundwater, as is re-
quired by state law in Victoria, Australia (where the case study
is located) and more generally (EPAVictoria 2016). Without
clear goals in place at the outset, indecision and unnecessary
repeat work can transpire. The benefits of clear remediation
end-points include: firstly, an increased willingness for prop-
erty developers to invest (as the venture is perceived to be
safer if goals are fixed and certain). An example of this is
Rotterdam Harbour in The Netherlands where clear goals for
risk reduction levels were developed via an integrated man-
agement strategy. Consequently, investments were made on
the basis of risk assessments completed across the ‘megasite’,
minimising project costs and maximising effectiveness in
terms of risk reduction by channelling investments into the
most critical, at-risk areas (Rijnaarts and ter Meer 2005), sec-
ondly, a simpler process for environmental auditors, saving
time, costs and likely improving the quality of these audits;
and thirdly, increased participation by all stakeholders and
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improved community buy-in. This could result in increased
efficiencies in the system, and a more confident and happier
community overall, based on the knowledge that the process
for clean-up has been rigorous (Murrie and Nadebaum 2014).
Benefits of a central database to house the simple
decision support tool
From the decision-maker’s perspective, redevelopment at the
precinct-scale poses a suite of problems, requiring data and
input frommultiple sources, collected over many years and by
a range of stakeholders (e.g. regulators, planners, developers,
land owners, lawyers, property insurers, site assessors and the
local community; Rizzo et al. 2015). Given this, precinct-wide
datasets pertaining to groundwater contamination will inevi-
tably comprise only a small amount of the total data collected
from within the redevelopment area. Rather than acting in
isolation, if complex datasets collected by multiple disciplines
working across the precinct can be stored and managed in one
central database, the potential for cross- or inter-disciplinary
collaboration to solve environmental problems, drawing on
these multiple datasets, may be more achievable than what is
generally currently possible. In the case of Fishermans Bend,
‘big’ environmental datasets may include ‘structured’ data
such as contaminant concentrations in soil and groundwater,
‘unstructured’ data such as historical records, reports or aerial
photographs, ‘wide’ data such as data collected from surface
water, soil, sediment, groundwater, soil gas, biota and/or air,
and ‘long’ data such as analytical results collected over mul-
tiple years (Edwards et al. 2015). One pertinent use of ‘long’
data in relation to contamination at Fishermans Bend would
be to quantify and visually represent improvements in ground-
water quality over time, related to remedial efforts. A chal-
lenge in this respect is knowing exactly how much data is
required to meet the objectives; indeed, a major parliamentary
inquiry into the EPAVictoria recently recommended that prac-
tical yet cost-effective actions be taken to improve data qual-
ity, coverage, sharing, analysis and accessibility (DELWP
2017b). Where risk-based approaches to risk screening, as-
sessment and remediation requirements are taken, the collec-
tion of increasing amounts of costly data may therefore be
unnecessary—a simple DST of the kind which has been de-
veloped for Fishermans Bend (with centralised database) may
in this sense also aid an assessment of the ‘sweet spot’ where
sufficient data are available for these tasks, such that further
data collection efforts and resources may be prioritised
elsewhere.
The following are examples of datasets which may be use-
ful in groundwater contamination assessment and manage-
ment in the future, but which are not commonly used at pres-
ent: firstly, long-term predictions of the effects of climate
change on sea-level (for coastal settings like Fishermans
Bend), precipitation/evapotranspiration rates and flooding
risk. Specifically, data which allow the influence of these ef-
fects on groundwater levels to be determined, may be of value,
as phenomena such as a regional rise in the water table have
the potential to interact with and mobilise metals or other
contaminants from (for example) the laterally extensive con-
taminated fill layer. These datasets may also be paired with
aquifer storage capacity data (where available for the various
lithologies present), to predict relative increases or decreases
in available groundwater storage, secondly, land values for
individual properties or areas within the precinct may be
paired with contaminant data to influence developer thinking
and entice investment in the area (e.g. Chen and Ma 2013);
and thirdly, health data from local-scale surveys, population
metrics, demographic and proposed planning data, which may
enable more comprehensive risk assessments where flexible
risk-based end-points are desired.
Limitations of the framework and simple decision
support tool
Three limitations of the framework and simple DST are iden-
tified. First, whilst unlikely, the grid approach to sample loca-
tion has the potential to miss one or more precinct-wide con-
taminants, or conversely, may inadvertently target multiple
point sources which appear seemingly connected but are in
fact isolated impacts; second, over large geographic areas,
certain stakeholders may perceive the amount of data points
relative to the size of the precinct and number of land parcels
as inadequate to draw any meaningful conclusions. The DST
should therefore aim to explain the basic principles involved
in analysis and interpretation of contaminant data, such as
those guiding regional groundwater flow and contaminant be-
haviour, in a way that makes these accessible to a wide audi-
ence, including nonspecialists who may have an interest in the
redevelopment plans for the precinct. Further, it should be
made clear that the framework and any accompanying DST
are intended to complement rather than substitute single-site
assessments and environmental audits; community workshops
hosted by the research team revealed this to be a key concern
among the lay population (i.e. a perception that the collection
of ‘regional’ data would replace detailed site-specific investi-
gations in the name of cost-cutting; Mullett 2017). Third,
the framework is solely designed for the assessment of
contaminated groundwater; it is not relevant for the selec-
tion of a precinct for redevelopment purposes, nor for
remedial technique selection. Other tools are currently
available for such purposes, including an Excel-based
cost-benefit and sustainability analysis tool for remedial
alternatives (CRC CARE 2017), and various guidance
documents such as Australia’s National Remediation
F r amework (CRC CARE 2018 ) , a nd t h e US ’
Remediation Management of Complex Sites (ITRC 2017).
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Conclusions
Overcoming barriers to large-scale urban redevelopment is an
essential step in the global drive toward achieving the UN’s
sustainable development goals. A framework and simple de-
cision support tool (DST) for the assessment of contaminated
groundwater at the precinct scale has been presented as a
potentially replicable approach for analogous precincts where
groundwater contamination is widespread and is a potential
barrier to redevelopment. The framework builds on conven-
tional frameworks which currently exist for single-site assess-
ments, and highlights the added uncertainties and complexi-
ties involved inmanaging contaminated precincts. Fishermans
Bend in Melbourne, Australia, is used as a case study to dem-
onstrate the value of a simple DST to facilitate the inclusion of
precinct-wide data into site-scale investigations. Common
contaminant sources across the precinct include fill, landfill
leachate, and organic-rich sediments. Point sources of heavy
metals and certain PFAS are also evident, likely derived from
former industries. With the use of the tool, practitioners can
more effectively separate ambient background from point
sources, and use contaminant data to inform management
and remedial options assessment. Where these increasingly
complex and varied environmental datasets can be collected,
stored and managed within one central database, cross- or
inter-disciplinary collaborations may drive improvements in
solving environmental problems which typically arise during
the redevelopment process.
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3 CHAPTER	THREE:	Environmental	
Isotopes	as	Indicators	of	Groundwater	
Recharge,	Residence	Times	and	Salinity	
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3.1 Preface	
The  focus  of  this  chapter  is  on  utilising  environmental  isotopes  (in  conjunction with  other 
hydrochemical data)  as  tools  for  characterising  groundwater  recharge,  residence  times  and 
sources  of  salinity  across  the  study  area.  This  was  undertaken  to  gain  a  comprehensive 
understanding  of  the  hydrogeological  system  at  Fishermans  Bend  before  more  detailed 
assessments of contaminant sources and behaviour were undertaken (chapters 4 and 5).  
This chapter addresses research question 2 and shows that stable isotopes of water (δ18O and 
δ2H) and carbon (δ13C), radioisotopes (3H and 14C) and other geochemical indicators can be used 
to  help  characterise  hydrogeological  systems  in  complex  coastal  urban  re‐development 
precincts. In this case, the 14C data were of relatively limited value in examining landfill impacts 
(relative to cost), however as in all such cases, the use of multiple lines of evidence is the best 
approach and it is difficult to know a priori which isotopic tracers are likely to provide strong 
evidence to support interpretations of this kind. This chapter has been submitted as a paper to 
Hydrogeology Journal and is currently ‘In Press’.  
3.1.1 Abstract	
Fishermans Bend  is an urban re‐development precinct situated on the Yarra River estuary  in 
Melbourne,  Australia.  Understanding  the  hydrogeological  system  is  important  for 
characterising  the  impacts  from  legacy  contamination  and  for  monitoring  the  effects  of 
urbanisation on groundwater flow systems and quality. Stable isotopes of water (δ18O, δ2H) and 
carbon  (δ13C),  radioisotopes  (3H,  14C) and other geochemical  indicators were used  to assess 
sources of water and salinity  in the shallow groundwater. Groundwater  in the upper aquifer 
was predominantly Ca‐HCO3‐ dominant, with fresh to brackish salinity (189 to 3,680 mg/L total 
dissolved solids (TDS)). Areas of Ca‐SO42‐ and Na‐HCO3‐ dominant groundwater were impacted 
by industrial activities and legacy landfills, respectively. Stable isotopes (e.g. δ18O ‐5.7 to ‐2.9‰) 
and tritium activities (1.75 to 2.45 TU) within the aquifer indicate meteoric water recharged by 
modern  rainfall with  short  residence  times.  Carbonate  dissolution  from  shell material,  and 
decay of organic waste and methanogenesis in landfill leachate‐impacted bores were shown to 
enrich δ13C values up to ‐4.2‰. In contrast, groundwater in the adjacent/lower aquitard was 
Na‐Cl dominant and saline (19,600 to 23,900 mg/L TDS), with molar ratios reflective of ocean 
water, indicating relict salts emplaced as porewater at the time of sediment deposition. This is 
consistent  with  14C  dating  of  shell  material  indicating  deposition  in  a  Holocene  marine 
environment.  The  presence  of  tritium  above  background  levels  (0.20  to  0.35  TU)  in  the 
groundwater however suggests a component of modern recharge. Salinity fluctuations within 
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the aquitard at times of peak river level suggest the modern water source is ingress from the 
adjacent Yarra River which is saline at depth. 
3.1.2 Introduction	
There  is  increasing pressure on governments worldwide to utilise vacant, derelict, or former 
industrial areas proximal to city centres, to solve housing and sustainability challenges (Kotval 
2016; UN 2018; USEPA 2018).  It  is  therefore of  increasing  importance  that hydrogeological 
systems in such areas are well‐understood, in order to effectively characterise the impacts of 
legacy  contamination, manage water  resources, and monitor  the effects of urbanisation on 
groundwater flow systems and quality (Currell et al. 2015; Lee et al. 2016; Han et al. 2017). Such 
areas are often located on coastlines and/or estuaries, where surface water bodies and former 
swamps and wetlands can influence hydrogeological systems and seasonal dynamics (e.g. Bruce 
et al. 2014; Yeh et al. 2014).  In addition, complex characteristics often associated with former 
industrial areas  can make understanding  the hydrogeological  system a  challenging  task;  for 
example,  remnant  underground  infrastructure may  artificially  recharge  and/or  drain  urban 
groundwater,  heterogeneous  artificial  fill  may  overlie  the  natural  sediments  and  modify 
groundwater  flow  paths,  and multiple  contamination  sources,  such  as  legacy  landfills  and 
industrial activities, may impact groundwater salinity and geochemistry (e.g. Christensen et al. 
2001; Cossu 2013; Schirmer et al. 2013; Han et al. 2016). 
Documenting  solute  origins,  groundwater  flow  paths,  recharge  and  residence  times  is 
fundamental  to  understanding  complex  hydrogeological  systems  (Cartwright  et  al.  2007). 
Stable‐ and radioisotopes of water, used in combination with other geochemical indicators (e.g. 
major  ion  compositions  and  physico‐chemical  characteristics  of  the  groundwater),  are 
recognised as valuable tools in this regard. These tracers can help to determine salinity sources 
and residence times in groundwater systems within urban and other environments (e.g. Hughes 
et al. 2011; Vázquez‐Suñé et al. 2010; Cendón et al. 2015), including estuaries (Price et al. 2012). 
In  this  study,  geochemical  indicators  and  isotopes  were  used  to  better  understand 
hydrogeological conditions and processes at Fishermans Bend, a  large urban re‐development 
precinct situated on the Yarra River estuary in Melbourne, Australia (DELWP 2017). The region 
encompasses  240  ha  of  former  industrial  land  and  contains  several  historical  landfills  and 
industries which have contaminated the soils and groundwater to varying degrees (Hepburn et 
al. 2018). Little is currently known about groundwater age, recharge and residence times in the 
re‐development precinct, as there has been no previous hydrochemical/isotopic study of the 
aquifer  system.  These  are  major  knowledge  gaps  which  require  addressing  to  accurately 
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constrain  site‐based  groundwater  contamination,  and  develop  effective 
management/remediation strategies during re‐development of the precinct. 
The main objectives of this study were to: 1) determine the major sources of water and salinity 
in  the  groundwaters  of  two  distinct  hydrofacies  (an  upper  aquifer  and  an  adjacent  and 
underlying  aquitard);  2)  investigate  evidence  for  modern  recharge/leakage  to  the  lower 
aquitard; and 3) document controls on groundwater recharge, discharge and residence times. 
Previous  hydrogeological  investigation  hypothesised  that  solutes  within  the  lower  aquifer 
derive from relict marine water (e.g. Nielson, 1992). However, there has subsequently been no 
sampling of  the water  for environmental  isotopes, which holds  the potential  to  resolve  this 
question, and  in general gain a clearer understanding of  the  timescales and mechanisms of 
groundwater  recharge  and  solute  evolution.  The  results  of  this  study will  provide  a  better 
understanding of the hydrogeological system at Fishermans Bend and provide valuable context 
regarding natural versus contamination‐derived salinity in groundwater. Overall the study seeks 
to  provide  a  guide  for  hydrochemical  investigation  techniques  that  allow  baseline 
characterisation  of  groundwater  recharge  and  solute  origins within  urban  re‐development 
precincts, and guidance with respect to the use of environmental  isotopes  in similar settings 
(e.g.  coastal  sedimentary aquifers  impacted by various  contamination  sources). At  the  local 
level,  the  study  seeks  to  increase  consistency and efficiency  in  individual  site  investigations 
undertaken at Fishermans Bend as  re‐development progresses, by providing better  regional 
context  of  the  hydrogeological  system,  including  the  recharge  and  flow  regime  and 
natural/anthropogenic sources of solutes. 
3.1.2.1 Land	use	history	
Fishermans Bend  is  located approximately 1km southwest of the Central Business District of 
Melbourne, Australia, and is currently undergoing re‐development from historically industrial 
to medium/high density residential  land (DELWP 2017) (Figure 3‐1). The area was developed 
from shallow coastal swampland into industrial land during the latter half of the 19th century, 
with  automotive  and  aircraft  manufacturing,  metal  plating  fabrication,  and  plastic  and 
packaging manufacturing prominent among the many local industries (Golder Associates 2012). 
Sand quarrying was common across the area prior to the 1920s, after which landfilling occurred 
between  the 1930s and 1990s with wastes  sourced  from municipal,  industrial,  construction 
and/or demolition activities (Hepburn et al. 2019a, 2019b). 
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3.1.2.2 Geology	and	hydrogeology	
Fishermans  Bend  is  located  near  the mouth  of  the  Yarra  River,  on Quaternary  river‐delta 
sediments (Figure 3‐1). The shallow subsurface is typically underlain by artificial fill which ranges 
from being absent  to approximately 5 m  thick  (Neilson 1992). Holdgate and Norvick  (2017) 
characterised the geological evolution of the delta, showing that the uppermost natural units 
comprise Holocene transitional alluvial/marine sediments. The uppermost unit consists of the 
Port Melbourne Sand which comprises fine‐ to medium‐grained sands, typically 5‐10 m thick 
with significant shell beds more common towards the base of the unit (Neilson 1992). 14C dating 
of shell material in the lower and upper beds indicate ages ranging from 8,075 to 2,760 years 
BP, respectively (Holdgate and Norvick 2017). The Port Melbourne Sand acts as an unconfined 
high‐yielding aquifer, with a shallow water table typically between 1 and 3.5 m below ground 
surface (Neilson 1992). Groundwater salinity in this unit has been reported as fresh to brackish, 
varying  from 91  to 2,971 mg/L  total dissolved solids  (TDS)  (AECOM 2016). The groundwater 
varies from oxygen‐rich to reducing (dissolved oxygen (DO) from 0.01 to 5.72 mg/L, and redox 
potential (Eh) from ‐56 to > 500 mV) and has a typically neutral pH (median=6.56, range: 2.96‐
7.56), with localised areas of low pH associated with industrial contamination (AECOM 2016). 
The Coode Island Silt sits stratigraphically below the Port Melbourne Sand (although with some 
contemporaneous deposition) and  is comprised of  soft,  silty clays with variable amounts of 
marine  shells and high organic matter  (e.g. plant material; Smith and Milne 1979). Contact 
between  the  Port Melbourne  Sand  and  the  Coode  Island  Silt  is  typically  sharp  but  can  be 
gradational,  particularly  in  the  northeast  of  Fishermans  Bend  where  the  units  are  lateral 
equivalents,  deposited  at  different water  depths  (Holdgate  and Norvick  2017).  Transitional 
material is often present at the base of the Port Melbourne Sand where contact with the Coode 
Island Silt  is gradational, and  typically consists of  sandy clay and/or clayey  sand. Recent  14C 
dating of shell material in the upper beds of the Coode Island Silt resulted in ages between 8,254 
and 6,555 years BP (Holdgate and Norvick 2017). The unit acts as an aquitard, 20‐25 m thick, 
with high porosity and  low permeability  (Hancock 1992). Groundwater  in  this unit has been 
reported  as  reducing  (median  Eh=‐24 mV) with neutral pH  (median=6.72)  and high  salinity 
(median=19,490 mg/L TDS) (AECOM 2016). Evidence for methanogenesis occurring in this unit 
(including  presence  of  dissolved methane  in  groundwater) was  reported  in Hepburn  et  al. 
(2019b).  
3.1.2.3 Climate	and	surface	water	
The climate in Melbourne is semi‐arid, with an annual precipitation of 663 mm and a potential 
evapotranspiration  (PET) of  approximately 1010 mm  (BOM 2018). Precipitation  is  relatively 
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consistent  throughout  the  year; mean monthly precipitation  varies  from 43 mm  in  January 
(summer)  to  65 mm  in  November  (spring),  however  41%  of  total  PET  occurs  in  summer 
(December‐February, mean temperature=25 °C) compared to only 13% in winter (June‐August, 
mean temperature=14 °C; BOM 2018). These seasonal changes in PET are likely to have a major 
influence on recharge potential to groundwater (e.g. greater in winter when PET is lower). The 
Yarra River flows from east to west, is situated immediately north of Fishermans Bend, and is 
tidally‐driven by Port Phillip Bay which has a narrow connection to the Southern Ocean in the 
south (EPA Victoria 2013) (Figure 3‐1). As such, ocean water is present as a saline wedge at the 
base of  the  river and  typically extends beyond Fishermans Bend upstream  to  the east  (EPA 
Victoria 2013). A thin  layer of relatively fresh water  is present at the surface (typically 1‐2 m 
thick) with a mixed zone in between the fresh and saline layers (EPA Victoria 2013). River flow 
is permanent, but is generally higher in winter and spring, and lower in summer and autumn 
(Beckett et al. 1982). The Yarra Estuary is narrow and naturally shallow, with a maximum depth 
of 8 m (Bruce et al. 2011).  
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Figure 3‐1 Map of Fishermans Bend including legacy landfills, swampy areas (City of Melbourne map, 
1864, cited in AECOM 2015), redundant sewer and cross‐section A‐B (Figure 3‐2) and cross‐section C‐D 
(Figure 3‐5). Hydrographs (bores circled in red) presented on Figures 3‐3, 3‐4 and 3‐6. 
 
Figure 3‐2 Cross section A‐B showing the major geological units of interest to this study, and the Yarra 
River. Bore screen intervals are marked using horizontal lines. 
B 
A 
D 
C 
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3.1.3 Materials	and	methods	
3.1.3.1 Sample	collection,	slug	tests	and	laboratory	analysis	procedures	
Groundwater  samples were  collected  from  thirty‐six  shallow monitoring bores  (constructed 
with 50 mm diameter PVC, with slotted screen intervals), over three sampling campaigns in May 
2016, August 2016  and May 2017. Most bores were  screened  in  the Port Melbourne  Sand 
aquifer (sample codes B1‐B29) with four bores screened in the Coode Island Silt (CIS1‐CIS4) and 
two bores  screened  through  both  the  Port Melbourne  Sand  and  the Coode  Island  Silt  (i.e. 
mixed/ transitional material) (sample codes CIS5 and CIS6) (see Figure 3‐1 and Figure 3‐2). One 
background  bore  screened  in  the  Port Melbourne  Sand  and  located  up‐gradient  from  any 
known  contaminant  sources was also  sampled  (sample  code B).  Information  including bore 
depths, screened  intervals and  lithology are presented  in Table S1 (supplementary material). 
Hydraulic conductivity values were estimated from slug tests conducted in five bores within the 
Port Melbourne Sand (B5, B16, B17, B21 and B22) and two bores within the Coode Island Silt 
(CIS1 and CIS3) (see Table S2 and Figure S1, supplementary material, for full method details and 
results). Samples were collected using a low‐flow bladder pump with dedicated low‐density poly 
ethylene (LDPE) tubing. New tubing and bladders were used for each sample. Prior to sample 
collection,  standing water  level was measured  using  a  SolinstTM  interface  probe  and  field 
parameters were monitored in purged water within a flow‐cell (in‐line). Stabilisation of water 
levels and parameters was achieved prior to sample collection, in accordance with Standard No. 
5667‐11 (ISO 2009). A total of 49 samples were analysed for TDS, alkalinity and major ions and 
were collected  in 250 mL plastic bottles. In addition, 21 samples were analysed for dissolved 
methane and were collected in air‐tight 40 mL vials. All samples were stored at 4 °C before being 
submitted to Australian Laboratory Services for analysis via PC Titrator (alkalinity), dual column 
gas  chromatography  with  flame  ionization  detector  (dissolved  methane),  and  inductively 
coupled  plasma mass  spectrometry  (cations).  Anions  were  analysed  by  Discrete  Analyser, 
following APHA 4500 methods (2017). Charge balances were all within 10% (86% of samples 
within 5%), except  for one sample  location  (B27) where balances were  ‐19.2%  in May 2016 
potentially  due  to  high  organic matter  content  (Siegel  et  al.  2006).  Groundwater  salinity, 
alkalinity and major ion data are shown in Table 3‐1. Dissolved methane data are shown in Table 
3‐2.  
A total of forty‐nine samples for water stable  isotopes (δ2H and δ18O) were collected  in May 
2016 and May 2017, in clean 250 mL plastic bottles and filtered through 0.45 µm in‐line filters 
(AquaporeTM).  Samples  were  analysed  using  an  established  Picarro  Cavity  Ring‐Down 
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Spectroscopy method at the Australian Nuclear Science and Technology Organisation (ANSTO). 
Results are  reported against Vienna Standard Mean Ocean Water  (V‐SMOW) using delta  (δ) 
notation and are accurate to ±1‰ for δ2H and ±0.15‰ for δ18O. All water stable isotope results 
are presented  in Table 3‐1. A total of twenty‐six samples for carbon stable  isotopes (δ13CDIC) 
were  collected  in  May  and  August  2016  in  pre‐conditioned  gas  sealed  12  mL  glass  vials 
(Exetainer)  and  field  filtered  through  0.20  µm  sterile  syringe  filters  (Minisart) without  any 
additives.  δ13CDIC  values  were  measured  with  a  Delta  V  Advantage  Isotope  Ratio  Mass 
Spectrometer at ANSTO, following the method outlined in Assayag (2006). Results are reported 
relative to V‐PDB and are accurate to ±0.3‰. 
A  total of  fourteen  samples  for  tritium and  radiocarbon analysis were collected  in May and 
August 2016  in clean 2L plastic bottles, filtered through 0.45 µm  in‐line filters (AquaporeTM). 
Samples for tritium were distilled and electrolytically enriched prior to being analysed by liquid 
scintillation spectrometry at ANSTO (Iverach et al. 2017). Tritium results are expressed in tritium 
units (TU), and have 1σ uncertainties between 0.04 and 0.36, with a quantification limit of 0.05 
TU. Measurement of radiocarbon activities was done on graphite targets by accelerator mass 
spectrometry, using  the ANSTO 2MV  tandem  accelerator  STAR  (Fink  et  al. 2004),  following 
methods described in Cendón et al. (2014). Percent Modern Carbon (pMC) results are provided 
in  Table  S3  (supplementary material)  following  reporting  guidelines  in  Stuiver  and  Polach 
(1977). The reported pMC results were de‐normalised and used as (pmc), using the equation 
provided for measurements based on the 14C/12C ratio by Mook and van der Plicht (1999). All 
radioisotope (and δ13CDIC) results are shown in Table 3‐2.  
3.1.3.2 Mixing	calculations	
Possible mixing proportions of  Yarra River water  and  fresh meteoric water  in  groundwater 
within both the Port Melbourne Sand and the modern water component of the Coode Island 
Silt  were  estimated  according  to  mass  balance  in  a  two  end‐member  system,  using  two 
independent  indicators  (chloride  and  δ18O)  as  outlined  in  Vázquez‐Suñé  et  al.  2010  and 
equations 1 and 2, respectively:  
୰݂୧୴ୣ୰ ൌ େ୪
ష.౩౗ౣ౦ౢ౛ି	େ୪ష.౜౨౛౩౞
େ୪ష.౨౟౬౛౨ି	େ୪ష.౜౨౛౩౞     (1) 
୰݂୧୴ୣ୰ ൌ ஔ
భఴ୓౩౗ౣ౦ౢ౛ି	ஔభఴ୓౜౨౛౩౞
ஔభఴ୓౨౟౬౛౨ି	ஔభఴ୓౜౨౛౩౞     (2) 
where  ୰݂୧୴ୣ୰  represents  the  fraction  (between 0 and 1) of Yarra River water estimated  in a 
groundwater  sample  of  mixed  origin,  with  the  remainder  assumed  to  comprise  fresh 
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groundwater of meteoric origin. The end‐member results for the Yarra River were chosen using 
average values of chloride and δ18O from two samples collected in July 2018 (Table 3‐1) from 
different  locations  (within  the  bounds  of  the  study  area;  see  Figure  3‐1)  from  depths  of 
approximately 3 m below the surface (i.e.  in the mixed zone – see section 3.1.2.3). The end‐
member results for fresh water used the average rainfall chloride for Melbourne of 0.15 mmol/L 
and the δ18O value of Melbourne average weighted rainfall of ‐4.7‰ (Hollins et al. 2018).  
3.1.4 Results	
3.1.4.1 Groundwater	flow	direction,	levels	and	hydraulic	conductivities	
Groundwater flow predominantly converges in the central part of Fishermans Bend towards a 
legacy  (redundant,  i.e.  no  longer  in  use)  sewer  which  inadvertently  acts  as  a  regional 
groundwater drain  (Figure 3‐1). The sewer  is  located at a depth of  ‐3.4 m Australian Height 
Datum (AHD) and is an open cracked ceramic conduit (300 mm diameter; AECOM 2015). The 
effect of the sewer is to re‐direct groundwater away from a topography‐driven drainage path 
towards the Yarra River, and to lower groundwater levels below sea level. No seasonal changes 
in this flow direction were observed during eight separate monitoring events over an 18‐month 
period between November 2015 and May 2017 (Table S4, supplementary material). Hydraulic 
gradients across the study area ranged between 0.0012 and 0.0014 (mean = 0.0013), reflecting 
the flat topography. Using Hvorslev’s method (1951), estimated hydraulic conductivity values 
in the Port Melbourne Sand varied from 1.7 to 23 m/day, consistent with the range reported in 
Cooney  (1984,  cited  in  Leonard  2006)  of  0.86  to  43 m/day.  In  contrast,  significantly  lower 
hydraulic conductivity values of 0.0005 to 0.003 m/day were estimated for the Coode  Island 
Silt, consistent with low permeabilities reported in Hancock (1992). 
Hydrographs  for  three  bores  screened  across  the water  table  in  the  Port Melbourne  Sand 
aquifer (B13, B14 and B20) over a 21‐month period are presented in Figure 3‐3, along with daily 
rainfall.  Groundwater  levels  in  the  aquifer  positively  correlated  with  rainfall  and  typically 
fluctuated between ‐0.3 and 0.8 mAHD. Groundwater levels were generally higher in winter and 
early spring (water levels occurred above the screened intervals in all three bores during this 
period). Two significant rain events (i.e. rainfall greater than 40 mm)  in December 2017 and 
January  2018,  resulted  in  sustained  higher  groundwater  levels  over  the  summer.  Similar 
patterns  in  groundwater  level were  observed within  data  collected  from multiple manual 
gauging events over an 18‐month period between November 2015 and May 2017 (Table S4 in 
supplementary  material).  These  data  also  indicated  an  inverse  relationship  between 
groundwater  level and salinity  in twelve bores screened  in the Port Melbourne Sand aquifer 
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(bores B2, B6, B8, B10, B11, B15, B18, B20, B22, B23, B25, B26; Figure 3‐1), with R2 values 
between 0.31 and 0.94 (mean R2 value = 0.57)). 
In addition, groundwater level and salinity were monitored at high frequency (every second) in 
one bore  (B18) screened  in the Port Melbourne Sand and  located within 500 m of the Yarra 
River, over a five‐day period, along with river elevation (Figure 3‐4a and Figure 3‐4b). Minimal 
rainfall  occurred  during  the  monitoring  period  (total  3.8  mm)  which  had  no  effect  on 
groundwater  level;  instead groundwater  levels positively correlated with  river  levels  (Figure 
3‐4a), demonstrating a degree of tidal  influence on groundwater within the Port Melbourne 
Sand, at least within 500 m from the river. Five separate manual gauging events between April 
2016 and May 2017 provide evidence of salinity stratification and mixing within this bore. For 
example, when  groundwater  levels were  low  (approximately  ‐0.3 mAHD), mean TDS  in  the 
upper and  lower sections of the bore (monitored at the top and base of the bore’s screened 
interval, which was between 2.5 and 4.0 m below ground level) were 263 mg/L and 964 mg/L, 
respectively. In contrast, when groundwater level was higher (approximately 0.0 mAHD), mean 
TDS  in the upper and  lower sections were 213 mg/L and 262 mg/L, respectively (Table S4  in 
supplementary  material).  These  periodic  TDS  fluctuations  likely  indicate  that  the  well  is 
screened within the transition zone between fresh and more saline groundwater, and that tidal 
loading  results  in  cyclic  landward  and  seaward  (i.e.,  Yarra  Estuary) movement  of  the  zone 
(Figure 3‐5). 
Hydrographs over a four‐month period for two bores located adjacent to the Yarra River and 
screened across the water table, between 2 and 5.5 m depth below ground level in the Coode 
Island Silt aquitard (CIS2 and CIS3) are presented  in Figure 3‐5a, along with daily rainfall and 
river elevation. Groundwater levels in the aquitard fluctuated between ‐1.0 and ‐0.4 mAHD in 
bore CIS2 and between 0.3 and 0.5 mAHD in bore CIS3 and showed some correspondence with 
rainfall and river elevation ‐ e.g. short term decreases  in TDS corresponding to peaks  in river 
level (Figure 3‐6). To  investigate whether these correlations may be attributable to recharge 
(e.g. via direct  rainfall  infiltration or vertical  leakage  from  the Port Melbourne Sand and/or 
ingress  from  the  river), or whether  they are solely  the  result of pressure changes  (e.g.  tidal 
loading),  salinity was  also measured  in bore CIS2  to  assess  its  correlation with water  level. 
Groundwater  levels  and  salinity  in bore CIS2  (located within 300 m of  the  Yarra River)  are 
presented  in Figure 3‐6b, over a 25‐day period during which rainfall and river  levels peaked. 
Salinity was generally stable at approximately 27,200 mg/L TDS; however, a slight decrease to 
27,100 mg/L  TDS  is observable during peak  rainfall  (23 mm/day) when  groundwater  levels 
increased from ‐0.7 to ‐0.5 mAHD. Similarly, during peak river levels (1.1 mAHD), fluctuations in 
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salinity were  observed  (e.g.  from  27,000 mg/L  to  27,500 mg/L  TDS  on  13  July  2016 when 
groundwater levels increased from ‐0.65 to ‐0.50 mAHD). These data indicate minor recharge 
or  ingress of water to the aquitard via  leakage from the Port Melbourne Sand  in conjunction 
with high  rainfall  and/or  river  levels;  consistent with  the presence of  tritium  (albeit  at  low 
concentrations, see section 4.3 below). 
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Figure 3‐3 Hydrographs for three bores within the Port Melbourne Sand aquifer over a 21‐month period, including daily rainfall (source: BOM 2018). 
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Figure 3‐4a Hydrograph for bore B18 located 460 m from the Yarra River within the Port Melbourne Sand 
aquifer over a 5‐day period, including Yarra River elevation (source: Melbourne Water 2018); b Groundwater 
level and salinity in bore B18 over a 5‐day period. 
 
Figure 3‐5 Cross section C‐D showing the Yarra River, bores CIS1 and B18, including screened interval positions 
and TDS values at high and low river levels. Bore screen intervals are marked using horizontal lines 
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Figure 3‐6a Hydrographs for two bores located within 280 m from the Yarra River in the Coode Island Silt 
aquitard over a 4‐month period, including daily rainfall (source: BOM 2018) and Yarra River elevation (source: 
Melbourne Water 2018); b Groundwater level and salinity in bore CIS2 over a 25‐day period (3rd July to 28th 
July 2016) in which rainfall and river levels peaked. Peak rainfall occurred over a 2 day period between 6th and 
7th July 2016 with a total of 26.4 mm. 
 
3.1.4.2 Groundwater	salinity	and	major	ion	chemistry	
Groundwater salinity and major ion chemistries for the Port Melbourne Sand aquifer and the Coode 
Island Silt aquitard are presented  in Table 3‐1 and Figure 3‐7. Most of the groundwater  in the Port 
Melbourne  Sand  and  transitional material  (described  in  section 3.1.3.2) was Ca‐HCO3‐ or Ca‐SO42‐ 
dominant, with some Na‐HCO3‐ dominant groundwater in localised areas (e.g. B1 and B2). Molar Na/Cl, 
Mg/Cl and Ca/Cl ratios  in  the Port Melbourne Sand and  transitional material were highly variable, 
ranging  from  0.71  to  5.65,  from  0.13  to  3.69,  and  from  0.03  to  22.66,  respectively  (Figure  3‐8). 
Groundwater salinity in the aquifer was fresh to brackish, ranging from 189 to 3680 mg/L TDS (Table 
3‐1). 
All bores screened  in and partially  in  the Coode  Island Silt contained Na‐Cl dominant groundwater 
(Figure 3‐7). Bores located within 300 m of the Yarra River (Figure 3‐1) and screened completely in the 
Coode Island Silt (CIS1‐CIS3) contained saline groundwater which ranged from 19,600 to 23,900 mg/L 
TDS (mean = 22,000 mg/L TDS). Molar Na/Cl, Mg/Cl and Ca/Cl ratios in these bores were consistent 
with ocean water composition (Appelo and Postma 2005; Figure 3‐8). Similarly, bores screened in or 
partially in the Coode Island Silt and located within 600 m of the Yarra River (CIS4, CIS5, CIS6; Figure 
Period shown in Figure 3‐6b  
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3‐1) contained brackish groundwater which ranged between 2200 and 8390 mg/L TDS  (Table 3‐1). 
Molar Na/Cl, Mg/Cl and Ca/Cl ratios in these bores also reflect typical ocean water, but with some Ca‐
enrichment (Figure 3‐8). Molar ratios in these bores plot between those of the Port Melbourne Sand 
and those of the Coode Island Silt providing evidence of mixing between the two units. In addition, 
elevated concentrations of potassium (range: 1.13‐2.53 mmol/L) and chloride (range: 23‐136 mmol/L) 
relative to the Port Melbourne Sand aquifer were detected (Table 3‐1).  
One background bore (B) screened from 0.4 to ‐1.6 mAHD within the Port Melbourne Sand aquifer 
and  located  in  the  north  of  the  study  area  up‐gradient  from  any  known  contamination  sources, 
contained the freshest groundwater (TDS = 143 mg/L) (Table 3‐1 and Figure 3‐1). The groundwater in 
this bore was Ca‐HCO3‐ dominant (Figure 3‐7) and molar Na/Cl, Mg/Cl and Ca/Cl ratios were 1.82, 0.53 
and  2.01,  respectively  (Figure  3‐8).  These  results  are  interpreted  as  representing  typical  rainfall 
recharge‐derived  ionic  ratios, with minimal  influence  from marine water  ingress or contamination 
sources. 
 
Figure 3‐7 Piper diagram showing major ion compositions of groundwater. 
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Figure 3‐8 Ion ratios in groundwater: a) Na/Cl; b) Mg/Cl; c) Ca/Cl. Standard ocean water composition taken 
from Appelo and Postma (2005). 
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Table 3‐1 Major ion and stable isotope results (major ions are in mmol/L) 
Bore  Unit  Sample Date  TDS (mg/L)  pH  Na  Mg  K  Ca  Cl  SO42‐  HC03‐  δ2H (‰)  δ18O (‰) 
B  PMS  May 2016  143  6.64  0.57  0.16  0.10  0.62  0.31  0.06  1.57  ‐24.2  ‐4.3 
B1  Fill  May 2016  3680  6.86  36.8  3.41  5.04  0.80  24.1  0.31  26.9  ‐21.1  ‐4.4 
B2  Fill  May 2016  2240  6.88  19.2  3.13  1.07  1.75  9.11  0.01  23.9  ‐23.8  ‐4.5 
B3  Fill  May 2016  1360  7.11  6.92  4.11  1.10  4.27  3.30  2.02  15.0  ‐24.6  ‐4.5 
    May 2017  1560  7.09  7.48  4.24  1.13  4.49  3.95  3.32  15.3  ‐24.6  ‐4.5 
B4  Fill/PMS  May 2017  900  6.70  2.17  1.93  0.36  5.29  0.68  2.65  8.77  ‐21.5  ‐4.0 
B5  Fill/PMS  May 2016  1540  6.50  9.40  4.36  1.41  2.50  4.46  0.01  18.2  ‐24.3  ‐4.4 
    May 2017  1470  6.92  9.26  3.95  1.33  2.12  4.82  0.01  18.4  ‐24.1  ‐4.4 
B6  PMS  May 2016  2970  6.56  21.8  5.60  1.89  10.7  13.5  10.0  18.2  ‐26.4  ‐4.8 
B7  PMS  May 2016  1490  7.00  6.39  2.02  0.79  5.91  4.71  1.26  15.4  ‐   ‐ 
B8  PMS  May 2017  885  6.38  2.17  1.23  0.43  5.21  1.66  3.54  6.69  ‐25.3  ‐4.6 
B9  PMS  May 2016  1130  7.13  5.83  1.32  0.61  4.64  2.45  4.08  6.92  ‐28.8  ‐5.1 
B10  PMS  May 2016  513  6.18  2.04  0.99  0.23  1.85  0.79  1.17  4.26  ‐26.3  ‐4.9 
    May 2017  342  5.80  1.39  0.66  0.18  1.32  0.59  0.80  2.95  ‐26.4  ‐5.0 
B11  PMS  May 2016  483  6.38  1.65  0.25  0.23  2.52  0.42  1.23  4.00  ‐26.2  ‐4.8 
B12  PMS  May 2016  1100  6.04  4.13  1.19  0.51  5.69  4.01  3.74  5.79  ‐23.4  ‐4.2 
    May 2017  938  6.23  3.44  0.95  0.46  4.69  3.07  2.82  6.15  ‐23.0  ‐4.1 
B13  PMS  May 2016  484  7.05  2.17  0.99  0.31  2.35  0.56  1.29  5.41  ‐26.7  ‐4.8 
B14  PMS  May 2016  449  6.70  2.04  0.70  0.51  1.65  0.73  0.72  4.31  ‐14.9  ‐2.9 
    May 2017  319  6.26  3.04  0.91  0.51  2.05  0.82  1.25  5.90  ‐19.7  ‐3.7 
B15  PMS  May 2016  870  6.52  5.79  1.15  0.33  3.02  2.20  2.44  6.13  ‐24.1  ‐4.4 
B16  Fill/PMS  May 2016  1650  7.22  9.48  2.72  0.61  7.69  3.50  6.66  11.8  ‐25.3  ‐4.5 
    May 2017  1600  7.19  10.2  3.00  0.59  5.24  3.55  5.07  13.6  ‐26.6  ‐4.8 
B17  PMS  May 2016  779  5.99  4.05  1.03  0.18  3.12  0.96  3.11  4.28  ‐22.0  ‐4.0 
    May 2017  435  6.30  6.70  0.74  0.20  2.12  1.18  2.73  5.69  ‐23.6  ‐4.4 
B18  PMS  May 2016  753  5.62  5.13  1.44  0.38  1.82  3.70  3.15  1.92  ‐23.1  ‐4.3 
B19  PMS  May 2016  1940  6.26  15.3  2.26  0.69  5.12  17.1  6.52  2.44  ‐23.8  ‐4.3 
B20  PMS  May 2016  2280  6.67  20.8  3.04  1.00  3.24  20.3  0.01  13.5  ‐21.1  ‐3.7 
B21  PMS  May 2016  1830  7.05  8.35  5.92  0.92  7.31  2.03  10.3  10.1  ‐24.6  ‐4.4 
    May 2017  1750  6.35  6.35  5.31  0.87  6.94  1.44  11.0  8.92  ‐24.6  ‐4.5 
B22  PMS  May 2016  1040  6.12  1.17  0.86  0.20  8.31  0.37  7.97  1.56  ‐22.5  ‐4.3 
    May 2017  569  5.75  0.78  0.45  0.10  3.77  0.62  3.53  1.77  ‐26.0  ‐4.8 
B23  PMS  May 2016  834  5.95  1.96  1.28  0.31  5.51  1.02  5.52  3.90  ‐25.6  ‐4.7 
    May 2017  189  5.86  0.61  0.12  0.01  0.75  0.34  0.28  1.48  ‐32.5  ‐5.7 
B24  PMS  May 2016  2170  7.39  29.3  1.89  0.74  1.87  6.35  4.36  19.0  ‐25.1  ‐4.5 
    May 2017  1050  6.71  19.4  3.04  1.13  2.27  6.54  5.67  13.1  ‐25.8  ‐4.7 
B25  PMS  May 2016  930  6.90  4.00  1.19  0.31  4.39  2.43  2.48  7.36  ‐26.8  ‐4.8 
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B26  PMS  May 2016  1460  2.96  2.57  1.40  0.23  4.47  0.82  10.3  0.01  ‐24.6  ‐4.4 
B27  PMS  May 2016  1480  6.56  7.48  1.93  0.61  2.27  8.15  1.34  5.75  ‐26.6  ‐4.7 
B28  PMS   May 2016  1040  6.73  2.74  2.88  0.61  3.47  3.84  0.07  11.8  ‐24.4  ‐4.6 
B29  PMS  May 2016  2650  6.51  14.4  8.35  1.05  12.3  4.01  19.7  7.31  ‐22.2  ‐4.0 
CIS1  CIS  May 2016  22300  6.86  326  48.1  5.68  9.66  347  3.77  51.3  ‐18.8  ‐3.4 
CIS2  CIS  May 2016  23900  6.76  316  40.0  4.86  9.26  330  5.04  48.0  ‐18.3  ‐3.1 
CIS3  CIS  May 2016  19600  6.48  258  39.6  4.86  8.43  293  5.52  40.0  ‐21.7  ‐3.8 
CIS4  PMS/CIS  May 2016  6210  6.56  48.3  15.8  2.53  19.9  84.3  14.8  6.11  ‐22.7  ‐4.0 
    May 2017  7300  6.74  66.1  8.48  1.53  18.6  93.7  14.4  7.93  ‐22.6  ‐4.1 
CIS5  PMS/CIS  May 2016  8390  6.67  90.9  12.9  1.30  20.9  126  13.3  9.78  ‐21.5  ‐3.9 
CIS6  PMS/CIS  May 2016  2200  6.75  24.0  3.70  1.13  2.17  23.0  1.69  9.18  ‐22.3  ‐4.1 
Yarra River   July 2018  ‐  ‐  ‐  ‐  ‐  ‐  344  ‐  ‐  ‐3.50  ‐1.0 
Yarra River  July 2018  ‐  ‐  ‐  ‐  ‐  ‐  322  ‐  ‐  ‐9.50  ‐2.0 
“‐“ = not measured; PMS = Port Melbourne Sand; CIS = Coode Island Silt 
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3.1.4.3 Isotopic	data:	δ18O,	δ2H,	δ13C,	tritium	and	radiocarbon		
Stable  isotopic compositions of groundwater across Fishermans Bend are shown  in Table 3‐1 
and  Figure  3‐8,  along with  the Melbourne winter  and  summer  local meteoric water  lines 
(LMWL),  the global meteoric water  line  (GMWL),  local  rainfall values based on precipitation 
amount, and standard oceanic water (V‐SMOW). Stable isotopic compositions within the Port 
Melbourne Sand aquifer ranged from ‐5.7 to ‐2.9‰ for δ18O and from ‐32.5 to ‐14.9‰ for δ2H, 
generally plotting on or between the winter and summer LMWL. Most groundwater samples in 
the Port Melbourne Sand plotted close  to  the weighted mean composition of  rainwater  for 
Melbourne  (‐4.7‰ δ18O and  ‐25.8‰ δ2H) or slightly higher,  likely due to minor evaporation. 
These samples plot along a least‐squares regression trend line with a slope of ~5.8, consistent 
with  evaporative  enrichment;  although,  the  slope  is  also  consistent  with  what  would  be 
expected due to marine water mixing. Significant mixing with marine water in the majority of 
these  samples can be  ruled out on  the basis of  the  low  salinity  (see below). Stable  isotopic 
compositions within the Coode Island Silt ranged from ‐3.8 to ‐3.1‰ for δ18O and from ‐21.7 to 
‐18.3‰ for δ2H, showing enrichment  in comparison to the Port Melbourne Sand. The values 
plot along an approximate trend line between the Melbourne average weighted rainfall and the 
values of  the  Yarra River  and  standard oceanic water  (which  are  similar),  indicating mixing 
between  these  sources. These enriched  stable  isotopes  indicate evaporative processes, also 
consistent with a surface water source (i.e. ingress from the Yarra River). Such ingress/mixing is 
also consistent with salinity data ‐ although with an enrichment in the chloride values in the CIS 
groundwater, which indicate a further source of salinity that does not enrich the stable isotope 
values.  The compositions of groundwater from bores screened partially in the Coode Island Silt 
ranged from ‐4.1 to ‐3.9‰ for δ18O and from ‐22.3 to ‐21.6‰ for δ2H, plotting between those 
of the Port Melbourne Sand and the Coode Island Silt. These samples are likely higher compared 
to those from the Port Melbourne Sand due to some combination of evaporation and mixing 
with oceanic water. 
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Figure 3‐9 Stable isotope compositions of groundwater collected in May 2016 and May 2017; LMWL – 
local meteoric water line and rainfall data collected between 1960 and 2014 from the IAEA‐WMO Global 
Network for Isotopes in Precipitation and calculated following Hollins et al. (2018). 
Tritium activities in the Port Melbourne Sand aquifer ranged from 1.75 to 2.45 TU (Table 3‐2), 
similar  to Melbourne  rainfall  (2.8  to 3.0 TU; Tadros et al. 2014) but with some minor decay 
and/or mixing with  low‐tritium containing water.  In contrast,  tritium activities  in  the Coode 
Island Silt aquitard ranged from 0.20 to 0.35 TU, which is significantly lower, although a minor 
component of  recent/modern  recharge  is  indicated. While  the  analytical uncertainty  in  the 
quantification of tritium at these levels is relative in comparison to the values, the results are 
clearly  above  the  quantification  limit  for  tritium,  indicating  (at  the  qualitative  level)  the 
presence of a minor component of modern water. Radiocarbon activities in the Port Melbourne 
Sand aquifer ranged from 31.1 to 83.9 pmc and from 36.0 to 72.8 pmc in the Coode Island Silt 
aquitard  (Table  3‐2).  Dissolved  inorganic  carbon  (DIC)  isotope  (δ13CDIC)  values  in  the  Port 
Melbourne  Sand  ranged  from  ‐19.4  to  ‐4.2‰  with  one  exception  of  +7.9 ‰  at  bore  B2 
(impacted by nearby municipal landfills – see Figure 3‐1 and section 3.1.5.2.1). δ13CDIC values in 
the Coode Island Silt were slightly higher than those of the aquifer and ranged from ‐13.3 to ‐
4.2‰ (median = ‐11.0‰). Dissolved methane (CH4) in groundwater in the Port Melbourne Sand 
and transitional material ranged from <0.01 to 10 mg/L and from 0.03 to 1.41 mg/L in the Coode 
Island Silt; methanogenesis is thus a likely influence on the δ13CDIC values.   
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Table 3‐2 Radioisotope, δ13CDIC, Ca/Cl and K/Cl ratios, and dissolved methane results; bores are grouped 
according to whether: 1) they are impacted by landfill leachate; 2) shell beds are present; and 3) 
neither. 
Bore  Unit  Sample Date  Tritium 
(TU) 
δ13CDIC 
(‰) 
14C (pmc)  Ca/Cl  K/Cl  Dissolved CH4 
(mg/L) 
B1  Fill  May 2016  ‐  ‐4.20  ‐  0.03  0.21  3.9 
B2  Fill  May 2016  ‐  +7.90  ‐  0.19  0.12  10 
B5  Fill/PMS  May 2016  ‐  ‐10.9  ‐  ‐   ‐   ‐  
    August 2016  1.88  ‐10.6  74.4  0.51  0.25  10 
B6  PMS  May 2016  ‐  ‐16.4  ‐  ‐   ‐  ‐ 
    August 2016  1.86  ‐9.30  82.0  0.87  0.11  0.04 
B20  PMS  May 2016  2.02  ‐9.40  74.4  0.16  0.05  7.6 
B24  PMS  May 2016  1.75  ‐12.7  83.9  0.29  0.12  0.42 
B7  PMS  May 2016  ‐  ‐8.20  ‐  ‐  ‐  ‐ 
    August 2016  2.13  ‐6.00  71.7  1.4  0.14  0.14 
B9  PMS  May 2016  ‐  ‐15.4  ‐  1.9  0.25  0.06 
B16  Fill/PMS  May 2016  ‐  ‐19.5  ‐  2.2  0.18  0.05 
B21  PMS  May 2016  ‐  ‐19.4  ‐  3.6  0.45  0.02 
B22  PMS  May 2016  ‐  ‐16.8  ‐  23  0.56  <0.01 
B23  PMS  May 2016  1.79  ‐12.5  38.6  5.4  0.30  0.01 
B27  PMS  August 2016  2.39  ‐12.1  31.1  0.28  0.08  ‐ 
B29  PMS  May 2016  ‐  ‐10.2  ‐  3.1  0.26  0.03 
CIS1  CIS  May 2016  0.20  ‐4.20  56.5  0.03  0.02  1.2 
CIS2  CIS  May 2016  0.25  ‐12.2*  72.8  0.03  0.01  ‐ 
CIS3  CIS  May 2016  ‐  ‐13.3  ‐  ‐   ‐  ‐ 
    August 2016  0.35  ‐9.60  71.3  0.02  0.01  0.69 
CIS6  PMS/CIS  May 2016  ‐  ‐11.6   ‐  ‐   ‐  ‐  
    August 2016  2.27  ‐10.8  36.0  0.09  0.04  0.04 
B14  PMS  August 2016  2.45  ‐14.6  62.1  2.5  0.70  <0.01 
B18  PMS  May 2016  ‐  ‐13.5  ‐  0.49  0.10  0.04 
B19  PMS  May 2016  1.88  ‐18.5  61.9  0.30  0.04  0.17 
B26  PMS  May 2016  1.94  ‐17.3  59.5  5.5  0.28  <0.01 
B28  PMS  May 2016  ‐  ‐11.2  ‐  0.90  0.16  1.4 
“ – “ not analysed 
*δ13CDIC are graphite derived values  from the fraction used for the radiocarbon measurement. All other values are determined 
using EA‐IRS. 
PMS = Port Melbourne Sand; CIS = Coode Island Silt 
Bold = landfill leachate impacted bores; underlined = bores with shell beds present 
 
3.1.5 Discussion	
3.1.5.1 Controls	on	groundwater	salinity	and	major	ion	geochemistry	
The major processes and sources of solutes which control groundwater salinity and major ion 
geochemistry  at  Fishermans Bend  are  discussed below  and  include:  1)  rainfall  recharge,  2) 
contamination inputs, 3) emplacement and flushing of relict solutes, and 4) mixing with surface 
waters. Figure 3‐11 summarises the key processes discussed and  locations where these were 
observed. 
3.1.5.1.1 Rainfall	recharge	
Groundwater in the Port Melbourne Sand is predominantly recharged by rainfall, indicated by 
hydrographs which demonstrate positive correlations between groundwater level and rainfall 
(Figure 3‐3), relatively high 3H activities (Table 3‐2), fresh to brackish salinity (Table 3‐1), δ18O 
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values from ‐5.7 to ‐2.9‰, and δ2H values from ‐32.5 to ‐14.9‰ (Figure 3‐9). No additional 3H 
sourced  from  legacy  landfills  is expected to be present  in groundwater as waste acceptance 
ceased  prior  to  the  1990s  and  no  spatial  correlations were  found  between  3H  activities  in 
groundwater  and  legacy  landfill  location.  Stable  isotopic  compositions  of  most  PMS 
groundwater samples plotted similar to or slightly higher than the  isotopic values associated 
with rainfall events between 5 and 150 mm, indicating that the majority of rainfall recharges 
the aquifer, regardless of precipitation amount (Figure 3‐9). Evidence of evaporation of shallow 
groundwater within the Port Melbourne Sand (likely during recharge infiltration) is shown on 
Figure  3‐10  which  depicts  the  expected  Cl  and  18O  values  for  mixing  and  evaporation 
trajectories. The majority of  samples  in  the PMS are  far  to  the  left of  the expected mixing 
trajectory between the Yarra River and Melbourne rainfall and have significantly higher δ 18O 
values per unit increase in Cl than would be expected if mixing with (saline, marine‐influenced) 
Yarra River water was occurring (Figure 3‐10). This is supported by Cl mixing proportions for the 
majority  of  samples  in  the  PMS  of  between  0.05  and  6%,  versus  elevated  δ18O  mixing 
proportions  for  the same samples of between 6 and 56%,  indicative of evaporation‐induced 
fractionation of  δ18O. The  impact of evaporation on groundwater within  the PMS  is  in clear 
contrast to groundwater from the CIS and transitional (PMS/CIS) material which indicate mixing 
to various proportions with Yarra River water (Figure 3‐10; see also section 3.1.5.1.4.)  
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Figure 3‐10 Stable isotopic compositions and salinities of groundwater, indicating water and salinity 
sources, and inferred mixing proportions between Melbourne average weighted rainfall and the Yarra 
River. Evaporation trend line is indicative only. 
 
3.1.5.1.2 Contamination	inputs	
Areas of brackish salinity and Ca‐SO42‐ dominant groundwater in the Port Melbourne Sand were 
generally  associated  with  impacts  from  legacy  landfills  or  former  industrial  activities;  for 
example, at bore B26 which is located immediately down‐gradient from a former metal foundry 
and had a pH of 2.96 and a TDS value of 1,460 mg/L in May 2016 (Table 3‐1), and has previously 
contained elevated concentrations of heavy metals (Hepburn et al. 2018). Some sulfate may 
also  be  sourced  from  organic material within  the  sediment.  In  addition,  localised  areas  of 
brackish salinity and Na‐HCO3‐ dominant groundwater were generally associated with  legacy 
landfill  leachate  impacts,  for example at bores B1 and B2 which are  located near municipal 
legacy  landfills and had TDS values of 3,680 and 2,240 mg/L, respectively,  including elevated 
concentrations of ammonia‐N, potassium and dissolved methane relative to the median values 
reported for the Port Melbourne Sand (Hepburn et al. 2019b). 
3.1.5.1.3 Emplacement	and	flushing	of	relict	solutes	
The Na‐Cl dominant groundwater in the Coode Island Silt, in combination with saline water and 
molar ratios within the typical range for ocean water, indicate that solutes are predominantly 
of marine origin,  consistent with  groundwater  recharged by direct  emplacement of marine 
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water,  as  found  in  a  similar  coastal  setting  by  Lee  et  al.  (2016).  Given  the  low  hydraulic 
conductivity of the Coode Island Silt, the residence times of these emplaced salts are likely to 
be in the order of thousands of years, driven by the gradual flushing and replacing of saline pore 
water (sourced from the estuary) within this unit.  
In more recent times, the geochemistry of the Coode Island Silt may have been influenced by 
significant changes to the course of the adjacent Yarra River. In 1879 a natural rock bar which 
separated fresh river water from saline ocean water was blasted in order to widen the river to 
alleviate floods (Melbourne Water 2017). The effect of this was to allow fresh/saline waters to 
mix, and to extend the saline wedge at the base of  the river  further upstream  (EPA Victoria 
2013). A short time later in 1883, the City of Melbourne began construction of its sewer system, 
with various sewers constructed  throughout  the study area  (AECOM 2015). The subsequent 
abandonment of these sewers over time has  led to  integrity  issues resulting  in groundwater 
sinks in‐land, which have subsequently increased hydraulic gradients between the Yarra River 
and the groundwater, and possibly influenced groundwater quality in the Coode Island Silt due 
to  increased  vertical  hydraulic  gradients  between  the  aquifer  and  the  aquitard.  Saline 
groundwater was generally found within the aquitard in bores closest to the river (CIS1, CIS2 
and CIS3), with molar ratios consistent with typical ocean water (section 3.1.5.2). In contrast, 
bores screened  in or partially  in  the Coode  Island Silt and  located within 600 m of  the river 
contain  brackish  salinity  and molar  ratios  similar  to  typical  sea  water  but  with  some  Ca‐
enrichment,  likely  reflecting  inputs  from  dissolution  of  carbonate‐rich  shell material most 
commonly present at the base of the Port Melbourne Sand and  in the Coode  Island Silt (see 
section 3.1.5.2, and below).  
3.1.5.1.4 Mixing	with	surface	waters	
A limited component of modern recharge water is present in the Coode Island Silt, as indicated 
by the presence of tritium above background levels. Given the small outcrop area of the Coode 
Island Silt (Figure 3‐1) and the low hydraulic conductivity (section 3.1.4.1), this modern water is 
unlikely to be sourced from direct recharge by modern rainfall. This is consistent with only minor 
freshening  of  the  aquitard  observed  during  peak  rainfall  (Figure  3‐6b),  attributable  to  an 
increase  in vertical hydraulic gradient between  the aquifer and  the aquitard, allowing  inter‐
aquifer leakage from the Port Melbourne Sand (via transitional material) into the Coode Island 
Silt.  Instead, Figure 3‐10 provides evidence for mixing between the Coode Island Silt and the 
Yarra River,  indicating  that the most  likely source of the modern recharge  to the aquitard  is 
ingress  from  the  river.  This  is  supported  by  enriched  stable  isotopes  (in  comparison  to 
groundwater  in  the Port Melbourne Sand; Figure 3‐9) which  indicate evaporative processes, 
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also  consistent with  a  surface water  source  (i.e.  ingress  from  the  Yarra  River).  This  is  also 
supported by δ18O mixing proportions of between 27% and 49% river water in the Coode Island 
Silt groundwater (Figure 3‐10; method described in section 3.1.4.2) consistent with the salinity 
fluctuations following peak river levels, when hydraulic head differentials between the river and 
the aquitard were greatest (Figure 3‐6b). Further salinization of groundwater within the Coode 
Island Silt  is also evident  in Figure 3‐10 and  is shown by deviation to the right of the mixing 
trajectory. This  is  interpreted as  reflecting mixing with a hypersaline end‐member, possibly 
linked to solute concentration by  transpiration, via coastal vegetation  (likely associated with 
former swampy areas – see Figure 3‐1). A similar effect was reported by Lee et al. (2016), who 
showed that chloride and stable isotope values of saline groundwater emplaced during the mid‐
Holocene  could only be  explained by mixing between  a  fresh meteoric end‐member  and  a 
hypersaline end‐member with limited δ18O and δ2H enrichment. 
The major processes and sources of solutes which control groundwater salinity and major ion 
geochemistry at Fishermans Bend are summarised in Figure 3‐11 below. 
 
Figure 3‐11 Map of Fishermans Bend summarising the key processes and sources of solutes controlling 
groundwater salinity and major ion geochemistry 
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3.1.5.2 Controls	on	groundwater	carbon	geochemistry	
Accounting  for  the physico‐chemical characteristics of  the groundwater at Fishermans Bend 
(e.g. pH and alkalinity), the typical range of δ13CDIC in groundwater where the majority of DIC is 
sourced from C3 vegetation should range between ‐17.4 and ‐11.4‰ (mean ‐14.4‰) (Clark and 
Fritz 1997). The δ13CDIC values in the Port Melbourne Sand typically ranged from ‐19.4 to ‐4.2‰ 
and from ‐13.3 to ‐4.2‰ in the Coode Island Silt (Table 3‐2). Analysis of δ13CDIC, 14C, 3H and the 
enrichment/depletion  of  major  ions  in  groundwater  across  Fishermans  Bend  has  helped 
constrain  residence  times and  identified  the processes accounting  for enrichment of δ13CDIC, 
including: 1) decay of organic waste and methanogenesis in landfill leachate‐impacted bores, 
and 2) carbonate dissolution from shell material (Figure 3‐1). These processes are analysed with 
the aid of Figure 3‐12 and are discussed below.   
 
Figure 3‐12 δ13CDIC versus 14C for groundwater samples indicating influences from carbonate dissolution, 
decay of old organic waste and methanogenesis.  
 
3.1.5.2.1 Landfill	leachate	inputs	
Bores B6 and B7 have previously been shown to be impacted by landfill leachate generated by 
legacy municipal landfills present in the west of the study area (see Figure 3‐1; Hepburn et al. 
2019b). This was supported by elevated HCO3‐ (18.2 mmol/L in B6 and 15.4 mmol/L in B7) and 
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K+ (1.89 mmol/L  in B6 and 0.79 mmol/L  in B7) (relative to the background bore  ‐ Table 3‐1), 
which are typically enriched in landfill leachates (Kjeldsen et al. 2002). Enriched δ13CDIC values in 
these bores (e.g. ‐9.3‰ in B6 and ‐6.0‰ in B7) suggest that degradation of organic waste has 
produced 13C‐enriched CO2 which has mixed with the comparatively depleted natural soil CO2 
(typical mean δ13CDIC in soil CO2 derived from C3 plants = ‐23‰; Clark and Fritz 1997), thereby 
enriching  the  δ13CDIC. Cartwright et al.  (2010)  found  that elevated HCO3‐ generated as a by‐
product of methanogenesis by bacterial reduction, will also enrich δ13CDIC values. Evidence for 
this process occurring in bores B1 and B2 (impacted by the same municipal landfills in the west 
of the study area – see Figure 3‐1 and Hepburn et al. 2019b) includes enriched δ13CDIC values of 
‐4.2 and +7.9‰ (Table 3‐2), and enriched bicarbonate values of 26.9 and 23.9 mmol/L (Table 3‐
1), respectively. Significantly elevated concentrations of dissolved methane in bores B1 and B2 
(3.9  and  10  mg/L,  respectively),  and  low  sulfate  concentrations  (0.31  and  0.01  mmol/L, 
respectively), indicate biogenic methanogenesis is occurring in these groundwaters and is likely 
responsible for the enriched HCO3‐ (and subsequent enriched δ13CDIC) (Clark and Fritz 1997).  
Further  evidence  for  δ13CDIC enrichment was  also  found,  to  a  lesser  extent,  in  groundwater 
impacted  by  leachate  from  landfills  inferred  to  contain  industrial,  construction  and/or 
demolition waste (bores B5, B20 and B24 – see Figure 3‐1 and Hepburn et al. 2019b). These 
bores have slightly enriched δ13CDIC values of ‐10.6, ‐9.4 and ‐12.7‰, respectively (Table 3‐2). 
Dissolved methane concentrations in bores B5 and B20 were significantly elevated (10 and 7.6 
mg/L, respectively) as were bicarbonate concentrations (18.3 and 13.5 mmol/L), while sulfate 
concentrations were  low  (0.01 mmol/L  in both bores).  These  results provide  evidence  that 
biogenic methanogenesis  is occurring  in  the groundwater at  these  locations, which suggests 
that that some domestic (organic) waste was deposited in the landfills, and that the enriched 
δ13CDIC are partially derived from enriched HCO3‐ generated during methanogenesis (Clark and 
Fritz  1997).  Groundwaters  in  bores  B5  and  B20  were  Na‐HCO3‐  and  Na‐Cl  dominant, 
respectively, indicating that release of some sodium from the waste is occurring, as might be 
expected in later stage leachate plumes (Mulvey 1999). Overall, these results suggest that the 
breakdown of organic waste within legacy landfills still controls the surrounding groundwater 
δ13CDIC values after at  least ~30 years  since  landfill  closure, and  several drought‐wet  cycles. 
Similar findings were obtained by Cendón et al. (2015) who noted that groundwater affected 
by  interaction with waste will vary depending on  the  type of waste,  the  time since disposal 
(maturity) as well as the various bacterial reduction processes involved. More broadly, the data 
show how a combination of carbon stable isotopes and concentrations of key analytes that are 
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sensitive to landfill impact – e.g. bicarbonate, sodium and dissolved methane – can be used to 
identify solutes in groundwater derived from legacy landfill sites, as opposed to other sources. 
14C values in the five bores impacted by landfill leachate (bores B5, B6, B7, B20 and B24) ranged 
from 71.7 to 83.9 pmc (Table 3‐2 and Figure 3‐12), however, the presence of 3H in these bores 
(range: 1.75  to 2.13 TU; Table 3‐2)  indicates active  recharge by modern Melbourne  rainfall 
(Tadros et al. 2014) and suggests that 14C values have been lowered by incorporation of carbon 
from  the  decay  of  organic  wastes  and  methanogenesis,  as  discussed  above.  In  addition, 
carbonate  dissolution  from  abundant  shell material  noted  in  the  lower  beds  of  the  Port 
Melbourne Sand  in bore B7 has  likely contributed dead carbon  (Clark and Fritz 1997) to  the 
groundwater at this location, in addition to enriching the δ13CDIC values (Figure 3‐12) (see further 
discussion  of  carbonate  dissolution  below).  Due  to  these  complications  (further  discussed 
below) a decision was made not to attempt to calculate groundwater residence times using the 
14C data, for example using correction schemes based on δ13CDIC (Clark and Fritz, 1997). 
3.1.5.2.2 Carbonate	dissolution	
The Na/Cl dominant groundwater within the Coode Island Silt (bores CIS1, CIS2, CIS3 and CIS6) 
in combination with molar ratios representative of typical ocean water (see section 3.1.5.2), 
suggest that the enriched δ13CDIC values evident in these groundwaters (range: ‐13.3 to ‐4.2‰, 
mean = ‐10.3‰; Table 3‐2 and Figure 3‐12) are derived from marine carbonates, such as shell 
material  commonly  present within  the  aquitard  (see  Figure  S3  in  supplementary material). 
δ13CDIC values within shell material collected from the upper and lower Port Melbourne Sand, 
and  the  Coode  Island  Silt,  have  previously  been  reported  to  be  between  ‐1.1  and  +1.2‰ 
(Holdgate and Norvick 2017). These results suggest that the dissolution of shell material would 
be expected to contribute DIC with a δ13CDIC value closer to 0‰.  Therefore, the intermediate 
δ13CDIC  values evident  in  these bores  suggest  some  combination of  soil‐derived CO2  (typical 
mean δ13CDIC in soil CO2 derived from C3 plants = ‐23‰; Clark and Fritz 1997) and some dead 
carbon derived from shell dissolution.  
14C values in bores screened completely within the Coode Island Silt (CIS1, CIS2 and CIS3) were 
56.5, 72.3 and 71.3 pmc, respectively. The presence of minor amounts of 3H in these bores (0.20, 
0.25 and 0.35 TU, respectively) again indicates that modern recharge is present in the aquitard, 
but that it constitutes a limited component of the total water in the system. The 14C values may 
therefore be a reasonable representation of groundwater residence times in the aquitard (i.e. 
water emplacement having occurred  in  the  late Holocene), however  the dissolution of shell 
material and incorporation of old organic matter (e.g. from former swampy areas – see Figure 
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3‐1) have  likely contributed to  lowering the 14C values somewhat. In addition, contamination 
sources  (e.g. hydrocarbon odours  and  gasworks waste) noted  in  the  fill  at CIS6 have  likely 
resulted in further lowering the 14C value to 36.0 pmc (Table 3‐2) by contributing dead carbon 
from  decaying  organic  contaminants.  As  this  is  a  cross‐screened  bore  (see  Table  S1, 
supplementary material) the tritium concentration of 2.27 TU in this bore is likely sourced from 
the Port Melbourne Sand and indicates active recharge by modern Melbourne rainfall (Tadros 
et al. 2014).  
Evidence for carbonate dissolution was also found in two bores screened towards the base of 
the Port Melbourne Sand  (B23 and B27), where  significant  shell beds were  recorded  in  the 
borehole logs and enriched δ13CDIC values of ‐12.5 and ‐12.1‰ were observed, respectively. At 
bore  B23,  metal  concentrations  in  natural  sediment  (measured  using  X‐ray  fluorescence 
following the method outlined in Hepburn et al. 2018), yielded Ca concentrations between 70 
and  620  mg/kg  in  the  upper  Port  Melbourne  Sand  where  shell  beds  were  absent,  and 
concentrations between 1,100 and 6,600 mg/kg in the lower, shell‐rich beds. At bore B27, Ca 
concentrations  in  the upper natural  sediment  ranged  from 330  to 900 mg/kg, compared  to 
concentrations between 6,700 and 7,600 mg/kg in the lower, shell‐rich beds. The Ca/Cl ratios 
in both bores were enriched (Ca/Cl = 0.28 in B23 and 5.43 in B27) relative to typical ocean water 
(Ca/Cl  =  0.02;  Appelo  and  Postma  2005),  potentially  due  to  excess  Ca  from  carbonate 
dissolution.  The  particularly  low  14C  values  in  bores  B23  and  B27  (38.6  and  31.1  pmc, 
respectively; Table 3‐2) were  likely  impacted by dead carbon from these shells; these results 
are  relatively  consistent  with  values  obtained  from  shell  material  within  the  lower  Port 
Melbourne Sand (39.6 and 40.4 pMC) by Holdgate and Norvick (2017). 
Within the Port Melbourne Sand aquifer, enriched δ13CDIC values in bores where shell beds are 
present and carbonate dissolution is likely occurring (bores B16, B21, B22, B23, B27 and B29; 
see Table 3‐2) can be distinguished  from enrichment due  to methanogenesis/organic waste 
decay by assessment of the Ca/Cl and K/Cl ratios. Where carbonate dissolution enriches the 
δ13CDIC values, the mean Ca/Cl ratio  is 6.21  (range: 0.28 to 22.66)  indicating excess Ca  in  the 
groundwater, and the mean K/Cl ratio is 0.31 (range: 0.08 to 0.56) indicating minimal K excess. 
In contrast, where methanogenesis/organic waste decay has enriched the δ13CDIC values, the 
mean Ca/Cl ratio is significantly lower (mean = 0.34, range: 0.03 to 0.87). indicating a lack of Ca 
excess  as  expected where  shell  beds  are  absent,  and  the  K/Cl  ratio  is  slightly  lower  (0.14) 
indicating elevated concentrations of both K and Cl (demonstrated in Table 3‐1), as expected in 
late stage leachate‐impacted groundwaters (Mulvey 1999). Bores B7 and B9 which are impacted 
 70 
 
by both landfill leachate and the presence of shell beds, have intermediate Ca/Cl ratios of 1.38 
and 1.89, respectively, and intermediate K/Cl ratios of 0.14 and 0.25, respectively.  
δ13CDIC values at bores B14, B19 and B26 (‐14.6, ‐18.5 and ‐17.3‰, respectively; Table 3‐2) were 
typically  within  the  expected  range  for  Fishermans  Bend  groundwater  not  impacted  by 
carbonate dissolution and methanogenesis  (i.e.  ‐17.4 to  ‐11.4‰, see above),  indicating  little 
δ13CDIC enrichment, consistent with a lack of landfill leachate impact and the general absence of 
visible shell material within these bores (Figure 3‐10). 14C values, however, ranged from 59.5 to 
62.1 pmc, whilst tritium concentrations ranged  from 1.88  to 2.45 TU,  indicating recharge by 
modern  rainfall  (Tadros  et  al.  2014),  along  with  significant  input  of  dead  carbon.  One 
explanation for the low 14C values observed in bores B14 and B19 may be the presence of dead 
organic matter  generated within  the  former  swampy  areas, within which  these  bores  are 
located (see Figure 3‐1). An explanation for the low 14C values at B26 is unclear, however, this 
bore  is  significantly  impacted  by  industrial  activities  (see  section  3.1.5.1.2)  which  may 
potentially  have  resulted  in  some  petroleum  hydrocarbon  (i.e.,  dead  carbon)  impacts  to 
groundwater.  
3.1.6 Conclusions	
The coastal area of Fishermans Bend is currently undergoing progressive re‐development from 
industrial  to medium‐  and high‐density  residential  land. Understanding  the hydrogeological 
system at Fishermans Bend is important for effectively characterising the impacts from legacy 
contamination and monitoring the effects of urbanisation on groundwater flow systems and 
quality. A range of isotopic (δ18O, δ2H, δ13C, 3H and 14C) and geochemical indicators (major ions) 
were analysed in the shallow groundwater at Fishermans Bend, in order to determine sources 
of water salinity in the Port Melbourne Sand aquifer and the Coode Island Silt aquitard, and to 
inform mixing and recharge processes. Groundwater in the Port Melbourne Sand was Ca‐HCO3‐ 
dominant, with salinity ranging from fresh to brackish. Areas of Ca‐SO42‐ and Na‐HCO3‐ dominant 
groundwater  were  typically  impacted  by  industrial  activities  and/or  legacy  landfills. 
Hydrographs, stable isotopes and tritium activities within the aquifer indicate meteoric water 
recharged by modern rainfall, with short residence times. In addition, hydrographs from one 
bore located proximal to the Yarra River showed tidal influence from the river, which eventually 
connects  to  the  Southern  Ocean.  Carbonate  dissolution  from  shell  material  in  the  Port 
Melbourne Sand  (derived  from  the  former marine depositional environment), and decay of 
organic waste and methanogenesis  in  landfill  leachate‐impacted bores were both  shown  to 
enrich δ13C values.  
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In contrast, groundwater in the adjacent/lower aquitard was Na‐Cl dominant and saline, with 
molar ratios reflective of typical ocean water, indicating relict salts emplaced as porewater at 
the time of sediment deposition. 14C dating of shell material indicates this unit was deposited in 
a marine environment during the middle‐Holocene (Holdgate and Norvick, 2017). The solute 
composition and radiocarbon activities in groundwater (pmc values between 56.54 and 72.79) 
are consistent with  this  interpretation; however,  the presence of  tritium above background 
levels  suggest  some  (small)  component  of  modern  recharge  as  well.  Hydrographs,  stable 
isotopes and salinity fluctuations within the aquitard at times of peak river  level suggest the 
source of this modern recharge is likely to be ingress from the adjacent Yarra River. Enriched 
stable  isotopes  indicate evaporative processes, also consistent with a  surface water  source. 
Further targeted high‐frequency monitoring of river and groundwater levels and hydrochemical 
composition may allow a more precise understanding of these ground‐surface water dynamics 
to be attained.  
The  findings  of  our  study  have  important  practical  implications  for  the  major  land  re‐
development planned for Fishermans Bend. As the  land  is re‐developed, assessments will be 
made with respect  to  the extent and degree of groundwater contamination  from past  land‐
uses. Our data and findings regarding the dominant solute origins and hydrochemical processes 
impacting groundwater quality will assist in identifying natural influences as distinct from site‐
based contamination. The  findings  regarding groundwater  flow paths,  recharge mechanisms 
and  residence  times  also  have  implications  for  the  future  remediation  of  contaminated 
groundwater – e.g., knowing  that contamination  is predominantly  linked  to  surface or near 
surface sources, and knowing that rapid, active recharge occurs in the upper aquifer can assist 
in the design of treatment systems which (for example) make use of the relatively rapid flushing 
of the aquifer. Similarly, knowing that inter‐aquifer leakage to the lower/adjacent aquitard is 
minimal (and that this unit may therefore have limited potential for contamination) may assist 
in the justification to focus investigation and remedial efforts on the upper aquifer.  
Additionally, our study has provided a template regarding how environmental isotopes can be 
used  to constrain  solute origins  in coastal aquifers  impacted by contamination and ground‐
surface water  interaction.  The  stable  isotopes  of water,  in  combination with  tritium, were 
effective in identifying the degree of mixing between groundwater in the two primary units, as 
well as input from river water. Stable isotopes of carbon were particularly useful (in conjunction 
with major ions) at identifying groundwater impacted by landfill leachate from legacy sites in 
the  precinct.  Radiocarbon  was  effective  in  constraining  the  timescales  of  marine  water 
emplacement (e.g. during deposition of the marine sediments in the mid‐Holocene) and along 
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with  tritium,  showed  that  recharge  occurred  on  very  different  timescales  within  the  two 
aquifers; associated with very different hydrochemical signatures. 
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4.1 Preface	
Common characteristics within urban re‐development precincts  include complex  land‐use histories 
and  multiple  contaminant  sources  including  regulated  and/or  unregulated  legacy  landfills.  The 
generation, volume and composition of leachate can vary substantially among landfills, depending on 
a multitude of factors such as waste type, compaction and age, hydrogeological parameters, and the 
presence/absence of various engineering controls.  These factors can mean that clear identification of 
the degree of impact on groundwater quality from legacy landfills can be challenging. 
This  chapter  is  divided  into  three  sections.  The  first  section  (“Publication  Two”)  describes  the 
collection of groundwater samples and analysis of 17 PFAS from 13 bores installed directly in waste 
material or down‐gradient from legacy landfills across the study area. Statistical analyses (Analysis of 
Variance  (ANOVA)  and  Pearson  correlation  coefficients) were  used  to  analyse  the  significance  of 
differences  in PFAS concentrations among different groups of samples, and  to  identify statistically 
significant  relationships between PFAS and  landfill  leachate  indicators. The  second  section of  this 
chapter  (“Publication Three”) builds on  the  research described  in  the  first  section by utilising  the 
proportions of PFAS in groundwater surrounding legacy landfills to develop a new geochemical index 
for detection of leachate impacts on groundwater. The new index builds on an existing method based 
on  ‘leachate  to native’  cation  ratios  (L/N  ratios).  Statistical  analyses  (ANOVA,  t‐tests  and Pearson 
correlation coefficients) were used to test the robustness of the new index. The final section of this 
chapter (unpublished) utilises an existing toolkit for assessing the mass flux of ammonia along three 
transects positioned down‐gradient  from one  legacy  landfill. This was undertaken  to evaluate  the 
degree of natural attenuation and/or dilution processes occurring within the shallow aquifer.  
This chapter addresses research question 3 and shows that geochemical indices (incorporating PFAS) 
can be useful tools with which to assess and delineate groundwater contamination sources in complex 
urban  re‐development  precincts.  This  chapter  has  been  published  in  two  separate  papers  in 
Environmental Pollution and Science of the Total Environment. 
4.2 Publication	Two	
Hepburn, E., Madden, C., Szabo, D., Coggan, T.L., Clarke, B., Currell, M. 2019. Contamination of 
groundwater with per‐ and polyfluoroalkyl substances (PFAS) from legacy landfills in an urban re‐
development precinct. Environmental Pollution, 248: 101‐113. 
https://doi.org/10.1016/j.envpol.2019.02.018 
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4.2.1 Abstract	
The extent of per‐ and polyfluoroalkyl substances (PFAS) in groundwater surrounding legacy landfills 
is currently poorly constrained. Seventeen PFAS were analysed  in groundwater surrounding  legacy 
landfills  in a major Australian urban re‐development precinct. Sampling  locations  (n = 13)  included 
sites  installed directly  in waste material and down‐gradient from  landfills, some of which exhibited 
evidence of  leachate contamination  including elevated concentrations of ammonia‐N  (≤106 mg/L), 
bicarbonate  (≤1,740 mg/L)  and dissolved methane  (≤10.4 mg/L). Between one  and  fourteen PFAS 
were detected at all sites and PFOS, PFHxS, PFOA and PFBS were detected in all samples. The sum of 
detected PFAS  (∑14PFAS) varied  from 26 ng/L at an ambient background  site  to 5,200 ng/L near a 
potential industrial point‐source. PFHxS had the highest median concentration (34 ng/L; range: 2.6–
280 ng/L) followed by PFOS (26 ng/L; range: 1.3–4,800 ng/L), PFHxA (19 ng/L; range: <LOQ – 46 ng/L) 
and  PFOA  (12 ng/L;  range:  1.7–74 ng/L).  PosiƟve  correlaƟons  between  ∑14PFAS,  PFOA  and  other 
perfluoroalkyl  carboxylic  acids  (PFCAs)  (e.g.  PFHxA)  with  typical  leachate  indicators  including 
ammonia‐N  and  bicarbonate were  observed.  In  contrast,  no  such  correlations were  found with 
perfluoroalkyl  sulfonic  acids  (PFSAs)  (e.g.,  PFOS  and  PFHxS).  In  addition,  a  strong  positive  linear 
correlation  (R2 = 0.69)  was  found  between  the  proportion  of  PFOA  in  the  sum  of  detected 
perfluorinated alkylated acids (PFOA/∑PFAA) and ammonia‐N concentrations in groundwater. This is 
consistent with previous research showing relatively high PFOA/∑PFAA in municipal landfill leachates, 
and more  conservative  behaviour  (e.g.  less  sorption  and  reactivity)  of  PFCAs  during  subsurface 
transport compared  to PFSAs. PFOA/∑PFAA  in groundwater may therefore be a useful  indicator of 
municipal landfill‐derived PFAA. One site with significantly elevated PFOS and PFHxS concentrations 
(4,800 and 280 ng/L, respectively) appears to be affected by point‐source industrial contamination, as 
landfill leachate indicators were absent. 
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The extent of per- and polyﬂuoroalkyl substances (PFAS) in groundwater surrounding legacy landﬁlls is
currently poorly constrained. Seventeen PFAS were analysed in groundwater surrounding legacy landﬁlls
in a major Australian urban re-development precinct. Sampling locations (n¼ 13) included sites installed
directly in waste material and down-gradient from landﬁlls, some of which exhibited evidence of
leachate contamination including elevated concentrations of ammonia-N (106mg/L), bicarbonate
(1,740mg/L) and dissolved methane (10.4mg/L). Between one and fourteen PFAS were detected at all
sites and PFOS, PFHxS, PFOA and PFBS were detected in all samples. The sum of detected PFAS (
P
14PFAS)
varied from 26 ng/L at an ambient background site to 5,200 ng/L near a potential industrial point-source.
PFHxS had the highest median concentration (34 ng/L; range: 2.6e280 ng/L) followed by PFOS (26 ng/L;
range: 1.3e4,800 ng/L), PFHxA (19 ng/L; range: <LOQ e 46 ng/L) and PFOA (12 ng/L; range: 1.7e74 ng/L).
Positive correlations between
P
14PFAS, PFOA and other perﬂuoroalkyl carboxylic acids (PFCAs) (e.g.
PFHxA) with typical leachate indicators including ammonia-N and bicarbonate were observed. In
contrast, no such correlations were found with perﬂuoroalkyl sulfonic acids (PFSAs) (e.g., PFOS and
PFHxS). In addition, a strong positive linear correlation (R2¼ 0.69) was found between the proportion of
PFOA in the sum of detected perﬂuorinated alkylated acids (PFOA/
P
PFAA) and ammonia-N concentra-
tions in groundwater. This is consistent with previous research showing relatively high PFOA/
P
PFAA in
municipal landﬁll leachates, and more conservative behaviour (e.g. less sorption and reactivity) of PFCAs
during subsurface transport compared to PFSAs. PFOA/
P
PFAA in groundwater may therefore be a useful
indicator of municipal landﬁll-derived PFAA. One site with signiﬁcantly elevated PFOS and PFHxS con-
centrations (4,800 and 280 ng/L, respectively) appears to be affected by point-source industrial
contamination, as landﬁll leachate indicators were absent.
© 2019 Elsevier Ltd. All rights reserved.1. Introduction
Understanding the sources, fate and transport of per- and pol-
yﬂuoroalkyl substances (PFAS) in groundwater in urban areas to
date has been poorly characterised and as such, is increasingly
important to scientists and regulators worldwide (Xiao et al., 2012;
Liu et al., 2017). In the last decade, PFAS have been demonstrated to
be omnipresent inwater, air, food, wildlife and humans due to theire by Dr. Sarah Harmon.
, 3001, Australia.
pburn).resistance to typical environmental degradation processes (Giesy
and Kannan, 2001; Kim and Kannan, 2007; Wang et al., 2017;
Xiao, 2017). Furthermore, PFAS can have negative impacts on
exposed organisms (including humans) and are therefore a po-
tential environmental and public health risk (Prevedouros et al.,
2006; Eschauzier et al., 2013; DeWitt, 2015; US EPA, 2016;
Barzen-Hanson et al., 2017; Hamid et al., 2018). Currently, there is a
lack of data on the source, fate and ecological impact of PFAS in
urban groundwater systems, particularly in the Australian context
where increasing urban re-development of former industrial land
for residential purposes threatens to further expose humans and
environments to these substances. Determining the levels of PFAS
E. Hepburn et al. / Environmental Pollution 248 (2019) 101e113102contamination in groundwater in such environments, and under-
standing processes governing their fate and transport is therefore
vital to developing contaminant management and remediation
strategies which protect human and ecological health in these
settings. Occupational exposure pathways can include dermal
contact and inhalation of volatile PFAS from shallow contaminated
groundwater by intrusive workers during re-development activ-
ities (e.g. laying building foundations and/or de-watering opera-
tions). Non-occupational exposure pathways can include
consumption of contaminated drinking water supplies and local
ﬁsh/aquatic organisms, and potentially produce from local gardens
if groundwater is used for irrigation. Where exposure risks are low,
data collection and interpretation remain beneﬁcial for improved
understanding of PFAS releases in urban settings.
PFAS are a diverse family of ﬂuorinated synthetic chemicals used
as surfactants and polymers for a wide variety of industrial and
commercial applications since the 1950s (Prevedouros et al., 2006;
Paul et al., 2009). The most common applications include textile
protection (Scotchgard™), surface coating for cooking implements
(Teﬂon™), food contact paper (Begley et al., 2008), and Aqueous
Film Forming Foams (AFFFs) (Rao and Baker, 1994; Buck et al.,
2011). Aside from evidence that major manufacturers were aware
of harmful health effects for decades (Grandjean, 2018), the broad
thinking within the scientiﬁc community and among the general
public was that PFAS were inert and non-toxic and were therefore
widely used with little consideration of environmental dispersal or
ecological impact (Giesy and Kannan, 2001, 2002). It was not until
2001 that the extent of PFAS contamination at the global-scale was
ﬁrst demonstrated for perﬂuorooctanesulfonate (PFOS; C8F17SO3H)
(Giesy and Kannan, 2001). Since then, PFAS have been detected in
almost every wildlife sample measured (Giesy et al., 2010), ubiq-
uitously in humans throughout the world (Toms et al., 2009), and
within most environments, including pristine locations (Lindstrom
et al., 2011).
Many PFAS contain a hydrophilic functional group, such as
carboxylates and sulfonates, and both a hydrophobic and lipophilic
ﬂuorinated chain, varying in carbon-chain length. The anionic
properties of certain PFAS such as perﬂuoroalkyl carboxylic acids
(PFCAs) and perﬂuoroalkyl sulfonic acids (PFSAs) allow them to be
water soluble while also sorbing onto soil and sediment at higher
chain lengths, allowing wide environmental mobility. The most
well-known and studied PFAS are PFOS and PFOA (per-
ﬂuorooctanoate; C8F15O2). The unique high-energy carbon-ﬂuorine
bond renders these compounds resistant to hydrolysis, photolysis,
microbial degradation and metabolism in animals (Lindstrom et al.,
2011). The US EPA (2016) estimates that the half-life of PFOS and
PFOA inwater are >41 and> 92 years respectively, and it is possible
that these compounds may never actually degrade under natural
environmental conditions (Blum et al., 2015). In recognition of the
threat posed to public health and the environment, PFOSwas added
to the list of United Nations Stockholm Convention on Persistent
Organic Pollutants (POPs) in 2009, ratiﬁed by Australia. Based on a
comprehensive analysis of information available in the public
domain, the Organisation for Economic Co-operation and Devel-
opment (OECD, 2018) has released a new list of over 4700 PFAS on
the global market, including several newgroups of PFAS, suggesting
that a large proportion are not currently monitored nor quantiﬁed
in environmental samples.
Initial research on the environmental fate of PFAS has largely
focussed on defence and aviation facilities throughout the world
where the historically widespread use of AFFF has resulted in
highly contaminated soil and groundwater (Moody and Field, 2000;
McGuire et al., 2014; Anderson et al., 2016; Braunig et al., 2017).
Aside from point-source contamination associated with AFFFs,
other sources such as wastewater discharge, landﬁll leachates(Benskin et al., 2012; Fuertes et al., 2017), manufacturing releases/
spillages directly to ground or to atmosphere followed by deposi-
tion and migration through the vadose zone (Davis et al., 2007;
Oliaei et al., 2013) and urban runoff and precipitation (Xiao et al.,
2012) are also potentially ubiquitous inputs of PFAS into the
global environment (Prevedouros et al., 2006; Murakami et al.,
2009a). To date these sources and their interactions with ground-
water systems remain generally poorly characterised (Murakami
et al., 2009b; Eschauzier et al., 2013), highlighting the signiﬁcant
knowledge gap in the global literature with respect to PFAS in
groundwater from these sources. Urban groundwater may be uti-
lised for irrigation (or in some instances potable water supply), and
may discharge to receiving waters such as wetlands, streams and
bays, thus creating possible pathways and receptors for PFAS
contamination. Additional sources of PFAS in groundwater include
stormwater or wastewater leakage from sewers (Murakami et al.,
2009a; Murakami et al., 2009b). Delineating these different sour-
ces of PFAS in groundwater and understanding the factors gov-
erning their fate in the subsurface is critical to effective
contaminant management, and for limiting environmental and
human health risks. Delineation may also contribute to source
identiﬁcation as, in some regions, multiple sources may contribute
to a single, co-mingled release of PFAS to the sub-surface.
Most urban areas contain an unknown but potentially signiﬁ-
cant number of legacy landﬁlls, many of which were constructed
with little or no leachate control systems, and which may therefore
contaminate local aquifers. The composition of leachate, including
concentrations of PFAS, can vary substantially depending on the
types of wastes accepted e e.g. municipal/domestic waste vs. In-
dustrial or construction waste (Gallen et al., 2017), however to date
the extent of PFAS contamination of groundwater surrounding such
landﬁlls is poorly constrained. International studies have identiﬁed
the sum of detected PFAS (
P
PFAS) in raw and treated landﬁll
leachate in the range 1,378e292,000 ng/L (Benskin et al., 2012; Yan
et al., 2015; Fuertes et al., 2017); bearing in mind that only a limited
sub-set of total possible PFAS were analysed. The types and con-
centrations of PFAS in landﬁll leachate have also been studied and
are dependent on the type and age of the waste, regulations on the
manufacture and importation of PFAS, historical and current
landﬁll management practices, geochemical conditions (e.g. water
salinity, organic carbon and pH), biodegradation (e.g. methano-
genesis) within the landﬁll, and seasonal meteorological parame-
ters (Benskin et al., 2012; Yan et al., 2015; Gallen et al., 2017; Hamid
et al., 2018).
Eschauzier et al. (2013) reported total concentrations of PFCAs
and PFSAs, together known as perﬂuorinated alkylated acids
(PFAA), in groundwater impacted by landﬁll leachate of up to
4,400 ng/L, with elevated concentrations of certain PFCAs such as
PFOA corresponding with other typical indicators of leachate
impact (such as ammonium and methane). Relatively lower con-
centrations of other PFSAs (PFOS and PFHxS) in leachate impacted
groundwater have been hypothesised to be related to a greater
propensity for sorption of these compounds and/or lower levels of
occurrence in landﬁll waste (Eschauzier et al., 2013; Hamid et al.,
2018). Therefore, where speciﬁc PFAA, such as PFOA are found to
correlate with other typical leachate indicators in groundwater,
they may prove useful as relatively conservative tracers of landﬁll
vs. non-landﬁll derived contamination. Examination of ratios of
PFAA (e.g. PFOA/
P
PFAA) in addition to absolute concentrations can
assist by controlling for the effect of overall contamination source
strength e a factor that is typically variable in complex urban areas
due to different degrees of source dilution and mixing in the
aquifer, and age/composition of the landﬁll waste. No studies have
as yet examined the use of such ratios (speciﬁcally PFOA/
P
PFAA) in
leachate-impacted groundwater, as far as we are aware.
E. Hepburn et al. / Environmental Pollution 248 (2019) 101e113 103The Fishermans Bend urban re-development precinct in Mel-
bourne, Australia encompasses 240 ha of former industrial land
currently undergoing progressive re-zoning into residential land
(Bolton et al., 2013). The region contains several legacy landﬁlls,
which accepted municipal and/or industrial waste during the 20th
Century. It is hypothesised that these legacy landﬁlls may have
acted as sources of PFAS to the region's shallow groundwater and
may represent ongoing sources. The aims of this study were
therefore to: 1) determine concentrations of a range of PFAS in
groundwater surrounding legacy landﬁlls at Fishermans Bend, 2)
investigate differences in the proportions of different PFAS in
groundwater impacted by different contamination sources, and 3)
investigate any relationships between PFAA and conventional in-
dicators of landﬁll leachate contamination of groundwater. Many
urban re-development projects worldwide occur in regions of
similar land-use history to Fishermans Bend and include managed
or unregulated legacy landﬁlls. We hypothesise that groundwater
impacted by landﬁlls that accepted municipal waste (containing
elevated levels of leachate indicators such as ammonia and
methane, related to breakdown of putrescible organic waste) likely
contain different proportions of particular PFAS such as PFOA in
comparison to landﬁlls which accepted industrial, construction
and/or demolition waste, or other industrial point sources (e.g.
Gallen et al., 2017). Further, we hypothesise that a greater propor-
tion of PFCAs such as PFOA will be observed in plumes of ground-
water contamination related to such municipal landﬁlls, due to
their more conservative behaviour in the aquifer away from the
original source. Understanding the degree to which these landﬁlls
act as sources of PFAS to groundwater, and the typical concentra-
tions and proportions of different PFAS arising from these landﬁlls,
will assist in the development of more targeted contaminant
management and remediation efforts. Indices such as ratios of
certain PFAA and/or correlations with other landﬁll-derived con-
taminants may help identify and differentiate PFAS contamination
sources in urban areas of complex land-use history and ground-
water contamination.
2. Materials and methods
2.1. Study area characteristics
Fishermans Bend is located approximately 1 km southwest of
the Central Business District of Melbourne, Australia. It is located
near the mouth of the Yarra River, on Quaternary river-delta sedi-
ments (Holdgate and Norvick, 2017). The shallow subsurface is
typically underlain by artiﬁcial ﬁll up to approximately 5m thick
(Neilson, 1992). The uppermost natural sediment consists of the
Port Melbourne Sand (PMS) which acts as an unconﬁned aquifer
with a shallow water table (Neilson, 1992) containing fresh
(91e2,971mg/L total dissolved solids), oxic (0.01e5.72mg/L dis-
solved oxygen) groundwater (Hepburn et al., 2018). Groundwater
predominantly ﬂows towards a sewer in the south east of the area
(Fig. 1a and b). There are seven known legacy landﬁlls that accepted
a range of waste types during the 1930se1990s across the area
(Fig. 1a). Two of these landﬁlls accepted municipal waste and have
thus been the subject of environmental audits, which provide some
limited information about the degree of soil and groundwater
contamination (Lane Consulting, 1999; SKM, 1999). However, as is
the case with many legacy landﬁlls, there is little information
available for the ﬁve remaining legacy landﬁlls concerning the type
of wastes accepted, operational periods or effects on surrounding
groundwater. The information that is available typically consists of
observations and aerial photographs within desktop reviews (e.g.
Golder Associates, 2012; AECOM, 2015) which identify historical
unregulated ﬁlling within former sand quarries prominent in thecentre of the study area. It is assumed that none of the landﬁlls
were equipped with modern engineering controls such as liners,
drainage layers and leachate or gas collection systems, whichmight
serve to limit interaction between leachate and groundwater.
Table 1 shows concentrations of typical landﬁll leachate con-
taminants in groundwater at the sampled sites. These data were
used to categorise sites into three groups: (1) Showing indications
of impact from landﬁll leachate (sample codes LI) (2) No indication
of landﬁll impact (sample codes NI), and (3) a background site (B)
(Table 1). The quantitative criteria used to distinguish landﬁll
impacted sites from non-impacted sites were the minimum con-
centrations reported in Kjeldsen et al. (2002) for landﬁll leachate, as
follows: 15mg/L for ammonia-N (in older landﬁlls); 610mg/L for
bicarbonate, 30mg/L for total organic carbon, 50mg/L for potas-
sium, and 150mg/L for chloride. Where at least three mean con-
centrations of these indicators were detected above the criteria at a
given site, the site was deemed to be landﬁll impacted. Within the
landﬁll impacted group, sites LI1-W, LI2-W and LI6-W were drilled
directly in waste material and contain measurable dissolved
methane consistent with landﬁlls in the methanogenic phase
(Table 1). Sites LI3, LI4, LI5, LI7 and LI8 are located down-hydraulic
gradient (along the groundwater ﬂow-path) from landﬁlls and also
show some evidence of landﬁll leachate impact, including relatively
high concentrations of ammonia, bicarbonate, total organic carbon,
potassium and chloride (Table 1). Despite indicator concentrations
at sites LI5, LI7 and LI8 typically at or slightly below the criteria,
these sites were deemed to be landﬁll impacted due to their loca-
tion within former landﬁll cells (Fig. 1a and b), and the presence of
construction/demolition waste in the ﬁll above the screened in-
terval. The remaining sampled sites (NI1, NI2, NI3 and NI4) are also
located down-hydraulic gradient from landﬁlls but show no indi-
cation of any landﬁll-leachate related contamination (e.g. dissolved
methane was not detected, and ammonia was present at low levels
e Table 1). The background site (B) is located up-gradient from any
known landﬁlls and appears to have experienced minimal
contamination. Information including bore depths, screened in-
tervals and lithology are presented in Table S1 (supplementary
material). All sites included in this study are screened within the
Fill/Port Melbourne Sand aquifer (see cross-section presented in
Fig. 1b).
2.2. Sample collection
Groundwater samples were collected from thirteen shallow
monitoring bores (which we term ‘sites’ throughout the rest of the
paper) (Fig. 1a) using a low ﬂow pump with dedicated low-density
poly ethylene (LDPE) tubing, into 250mL polypropylene bottles.
Prior to sample collection, standing water level was measured us-
ing a Solinst™ interface probe and ﬁeld parameters were moni-
tored in purged water in accordance with Standard No. 5667-11
(ISO, 2009). At sites that were installed directly within landﬁll
waste it was not possible to measure the ﬁeld parameters due to
potential interference/cross-contamination (see Fig. S1; supple-
mentary material). At these sites, the standing water level was
monitored until stabilisation (i.e. no change in level) to ensure
sampled water represented that recharged to the site from the
aquifer during pumping. All sampling equipment was cleaned
following use at each site using ultrapure water (>18U, Milli-Q,
Millipore) only, as detergents were considered a possible source
of PFAS. The sampling methodology was adjusted at site B as the
bore contained an insufﬁcient volume of water to use the pump and
as such, a stainless-steel bailer was used. Upon return to the lab-
oratory, samples had ~1 g of sodium azide (NaN3) added as a pre-
servative and were stored at 4 C prior to analysis.
Sites previously sampled for leachate indicators were sampled
Fig. 1. a: Historical industries of interest across Fishermans Bend, including location of redundant sewer line and sampled sites; mAHD¼metres above the Australian Height
Datum; b: Cross-section A-B showing the major geological units of relevance.
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alkalinity and major ions were collected in 250mL plastic bottles.
Samples for total organic carbon (TOC) and dissolvedmethanewere
collected in 40mL vials which were fully ﬁlled to ensure no
headspace gas remained. All samples were stored at 4 C prior to
analysis by Australian Laboratory Services via PC Titrator (alka-
linity), dual column gas chromatography with ﬂame ionisation
detector (dissolved methane), and inductively coupled plasma
mass spectrometry (cations). TOC was analysed by TOC Analyserfollowing APHA 5310B methods, and anions were analysed by
Discrete Analyser, following APHA 4500 methods (2017).
2.3. Standards and reagents
Analytical standards (perﬂuorobutanoic acid, PFBA; per-
ﬂuoropentanoic acid, PFPeA; perﬂuorohexanoic acid, PFHxA; per-
ﬂuoroheptanoic acid, PFHpA; perﬂuorooctanoic acid, PFOA;
perﬂuorononanoic acid, PFNA; perﬂuorodecanoic acid, PFDA;
Table 1
Landﬁll leachate indicator concentrations for sampled sites.
Site ID Mean concentration in groundwater (mg/L) (range included in brackets) from previous samplinga
NH3eN HCO3 CH4 TOC K Cl
LI1-W 99 (92e106) 1660 (1600e1740) 3.88 50 (40e58) 174 (162e197) 853 (815e889)
LI2-W 69 (55e78) 1453 (1430e1470) 10.40 40 (37e42) 42 (41e44) 320 (307e331)
LI6-W 5.6 (4.1e7.2) 1090 (1020e1150) 8.32 (6.54e10.10) 17 (16e18) 51 (46e55) 160 (138e171)
LI3 8.0 (5.3e15) 922 (822e1110) 0.04 42 (35e46) 51 (35e74) 338 (203e479)
LI4 24 (17e27) 909 (894e941) 0.14 18 (14e21) 28 (26e31) 164 (142e183)
LI5 1.6 (0.8e2.2) 900 (852e936) 0.19 11 43 (41e44) 119 (101e140)
LI7 5.4 (4.9e6.2) 738 (699e832) 0.05 (0.04e0.05) 14 (13e16) 24 (23e24) 123 (113e129)
LI8 4.2 (3.2e4.7) 591 (544e616) 0.01 (0.01e0.02) 11 (10e12) 35 (34e36) 68 (51e79)
NI1 2.9 (2.7e3.4) 414 (406e428) 0.02 10 16 (15e17) 46 (38e59)
NI2 2.1 (1.8e2.5) 149 (125e173) 0.17 6 (1e9) 26 (25e27) 591 (398e771)
NI3 0.13 (0.01e0.31) 101 (88e114) <0.01 15 (6e23) 7 (4e8) 16 (13e22)
NI4 0.49 (0.04e0.95) 176 (90e256) 0.01 (0.01e0.01) 3 (2e5) 7 (0.5e12) 26 (12e36)
B 0.01 (0.01e0.02) 91 (85e96) e 4 (3e4) 4 (3e4) 14 (11e16)
a Hepburn, unpublished data, and AECOM, 2016.
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PFDoDA; perﬂuorobutane sulfonate, PFBS; perﬂuoropentane sul-
fonate, PFPeS; perﬂuorohexane sulfonate, PFHxS; perﬂuoroheptane
sulfonate, PFHpS; perﬂuorooctane sulfonate, PFOS; per-
ﬂuorodecane sulfonate, PFDS; 6:2 ﬂuorotelomer sulfonate, 6:2 FTS;
and 8:2 ﬂuorotelomer sulfonate, 8:2 FTS) and isotopically labelled
analogues (PFHxA13C2, PFOA13C8, PFDA13C2, PFDoDA13C2, PFBS13C2,
PFHxS13C3, PFOS13C4, PFOS13C8 and 6:2 FTS13C2) were purchased
from Wellington Laboratories (Ontario, Canada) as solutions of
50 mg/mL in methanol. The solvents methanol (LC-MS grade, Hon-
eywell, USA) and ultrapure water (Merck Millipore, Australia) were
tested for PFAS contamination over the duration of the study prior
to use. Ammonium hydroxide solution (28% in H2O,  99.99%),
sodium acetate, glacial acetic acid and ammonium acetate
(99.99%) were purchased from Sigma-Aldrich (Australia).2.4. Sample extraction and analysis
Each 250mL sample was ﬁltered using glass ﬁbre ﬁlters (1.2 mm,
Millipore, Ireland) pre-rinsed with ultrapure water and then spiked
with 5 ng of isotopically labelled 13C PFAS standards (Table S3;
supplementary material) prior to solid-phase extraction (SPE).
Contact time with the glass was minimised, and as the ﬁlters will
sorb <15% of PFAA (Chandramouli et al., 2015; Szabo et al., 2018)
the analyte recovery was not expected to be signiﬁcantly reduced.
Weak anion exchange cartridges (Oasis WAX, 6 CC, 150mg, 30 mm,
Waters, Australia) were pre-conditioned with 4mL 0.1% (v/v)
ammonium hydroxide in methanol, 4mL methanol, and 4mL ul-
trapure water. Water samples were loaded at ~1mL/min and car-
tridges washed with 4mL of pH 4 buffer (sodium acetate/acetic
acid) then dried under vacuum for 10min before elution into 15mL
polypropylene centrifuge tubes using 2mL MeOH that had been
used to rinse the sample bottle, then 4mL of 0.1% (v/v) ammonium
hydroxide inmethanol. Eluents were evaporated to dryness under a
gentle stream of nitrogen at 40 C and reconstituted to 500 mL in 50/
50 methanol/ultrapure water before analysis.
Analysis was performed on an Agilent Technologies 1290 in-
ﬁnity II liquid chromatograph (LC) coupled with an Agilent tech-
nologies 6495B tandem mass spectrometer (MS/MS) in negative
electrospray ionisation mode (ESI) (MS/MS parameters listed in
Table S2; supplementary material). Separation was achieved on a
Zorbax eclipse plus RRHD C18 column (3.0 50mm,1.8 mm, Agilent
Technologies, USA). Gradient elution using 5mM ammonium ace-
tate in ultrapure water (A) and methanol (B) at 400 mLmin1 was
used and the ﬁrst 1.5min was diverted to waste (t0¼10% B;
t0.5¼10% B; t2.5¼ 55% B; t9¼ 90% t9.5¼100% B; t11.5¼100% B;
t11.6¼10% B; t14¼10% B). A delay column (Zorbax Eclipse Plus C18RRHD, 4.6 50mm, 3.5 mm, Agilent Technologies, USA) was
installed between the solvent mixer and injector module to delay
instrument contamination. Injector needle wash and seat back
ﬂush lines were replaced with peek tubing and stainless-steel
solvent ﬁlters. A dynamic multiple reaction monitoring (dMRM)
method was created based on optimised transitions, collision en-
ergies and retention time for all compounds and can be found in
Table S3. The two most abundant m/z transitions were used for
qualitative identiﬁcation of each compound except for PFBA and
PFPeA where only one transition was available. The m/z transition
with the highest intensity was used for quantitation. For PFAS with
branched and linear isomers the combined peak area was quanti-
ﬁed and reported as sum branched and linear of that compound.
Linear calibration curves with 8 levels (r2> 0.99) in 50/50 meth-
anol/ultrapure water and containing 5 ng/mL of surrogate PFAS to
match sample extracts were derived.2.5. Quality assurance/quality control (QA/QC)
Two of each of the following QA/QCs were performed: ﬁeld
reagent blank (FRB), method blank (MB), laboratory control sample
(LCS) and two sites were selected by random number generator to
be sampled and analysed in triplicate. Method blanks for all PFAS
fell below the LOD except for PFBA (0.8 ng/L) and PFHxA (0.3 ng/L).
The ﬁeld blank contained no detectable concentrations for 14 of the
17 analysed PFAS, however it did contain minor concentrations
(1.2 ng/L) of PFOS, PFBA and PFHxA e these concentrations were
below half of the lowest detected concentrations in the samples
(within the background site ‘B’). The LOQ values for these com-
pounds were subsequently adjusted to at least three times the
concentration of the ﬁeld blank, or the lowest calibration level,
whichever was higher. LCS recoveries of 20 ng/L for target analytes
were within recovery limits (70e130%) (Shoemaker et al., 2008)
with the exception of PFDS (53% and 91% for the two samples). Each
analyte was adjusted according to internal standards which pro-
duced adequate recoveries (Table S4; supp. material). Overall the
analytical dataset and QA/QC results are considered to provide an
acceptable degree of conﬁdence in the data for the purposes of the
study.
The limit of detection (LOD) was deﬁned by the lowest cali-
bration point with a signal to noise ratio (S/N, 10:1). The limit of
quantiﬁcation (LOQ) was deﬁned as three times the concentration
of the method blank for each compound. Method blanks involved
the addition of ultrapurewater to pre-rinsed polypropylene sample
bottles and spiking with 10 ng internal standard. Onemethod blank
sample was extracted with each batch of 10 samples. In the case
that no detectable contamination is present, the LOD is used as the
Table 3
Correlation between certain PFAA and selected landﬁll indicators.
n^ NH3eN K HCO3 TOC CH4
PFBA 13 0.001 0.01 0.02 0.15 0.07
PFBA 10 0.01 0.01 0.06 0.26 0.10
PFHxA 13 0.09 0.31b 0.02 0.10 0.02
PFHxA 10 0.25 0.65a 0.30 0.37 0.001
PFHpA 13 0.07 0.01 0.05 0.06 0.14
PFHpA 10 0.05 0.001 0.006 0.14 0.11
PFOA 13 0.50a 0.20 0.45b 0.59a 0.15
PFOA 10 0.47b 0.16 0.46b 0.59a 0.11
PFBS 13 0.001 0.01 0.02 0.003 0.01
PFBS 10 0.21 0.38 0.48b 0.52b 0.05
PFPeS 13 0.07 0.08 0.12 0.03 0.01
PFPeS 10 0.01 0.02 0.07 0.07 0.08
PFHxS 13 0.04 0.07 0.22 0.13 0.05
PFHxS 10 0.17 0.22 0.32 0.36 0.12
PFOS 13 0.03 0.06 0.11 0.09 0.03
PFOS 10 0.23 0.002 0.31 0.05 0.36
P
PFAA 13 0.03 0.05 0.11 0.08 0.03
P
PFAA 10 0.36 0.17 0.54b 0.68a 0.20
^¼ half the value of the LOQ used where data points< LOQ.
Italicised text¼ scenario with omitted sites likely impacted by industrial point
sources (NI2, NI3 and NI4).
a Signiﬁcant at the 0.01 level.
b Signiﬁcant at the 0.05 level.
Table 2
PFAS concentrations in Fishermans Bend groundwater (concentrations in ng/L; average of duplicate sample analysis).
Sample code PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUDA
P
PFCA PFBS PFPeS PFHxS PFHpS PFOS
P
PFSA 6:2 FTS
P
PFAS
LI1-W <0.2 <0.2 46 <0.2 56 <0.2 <0.2 <0.2 100 14 <0.2 34 1 20 69 3.2 180
LI2-W 39 <0.2 <0.2 <0.2 74 <0.2 <0.2 5.3 120 8.9 6.8 34 4.4 71 130 <0.2 240
LI3 49 15 29 22 61 <0.2 <0.2 <0.2 180 16 8.8 35 <0.2 4.5 64 <0.2 240
LI4 <0.2 <0.2 17 <0.2 73 <0.2 <0.2 <0.2 90 10 3.5 14 <0.2 44 72 <0.2 160
LI5 5.1 <0.2 6.0 <0.2 5.1 <0.2 <0.2 <0.2 16 4.2 2.1 9.3 <0.2 33 49 <0.2 65
LI6-W 13 <0.2 20 <0.2 12 <0.2 <0.2 <0.2 45 12 6.2 28 <0.2 24 70 <0.2 120
LI7 11 <0.2 12 <0.2 6.0 8.6 <0.2 <0.2 38 7.3 3.7 16 <0.2 16 43 <0.2 81
LI8 9.1 <0.2 <0.2 <0.2 7.5 <0.2 <0.2 <0.2 17 9.0 6.4 45 <0.2 26 86 <0.2 100
NI1 8.8 14 13 4.8 2.1 <0.2 <0.2 <0.2 43 2.1 <0.2 3.6 <0.2 1.3 7 <0.2 49
NI2 17 13 34 12 12 0.76 <0.2 <0.2 89 31 16 96 3.9 75 220 10.0 320
NI3 11 12 19 <0.2 7.7 0.69 <0.2 <0.2 50 24 15 170 7.1 250 470 <0.2 520
NI4 24 6.3 29 3.8 18 0.73 1.3 <0.2 83 8.5 5.1 280 5.3 4800 5100 <0.2 5200
B 3.3 3.0 2.4 <0.2 1.7 0.67 2.2 <0.2 13 2.0 <0.2 2.6 <0.2 7.7 12 <0.2 26
LOD 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
LOQ 1.7 0.2 0.7 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 1.8 0.2
Detection frequency (%) 85 46 85 31 100 39 15 8 100 77 100 39 100 15
Minimum <0.2 <0.2 <0.2 <0.2 1.7 <0.2 <0.2 <0.2 13 2.0 <0.2 2.6 <0.2 1.3 7 <0.2 26
Maximum 49 15 46 22 74 8.6 2.2 5.3 180 31 16 280 7.1 4800 5100 10.0 5200
Median 11 <0.2 19 <0.2 12 <0.2 <0.2 <0.2 50 9.0 6.3 34 <0.2 26 70 <0.2 160
<0.2 Below limit of quantiﬁcation (LOQ).
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detection limit. Samples with S/N between 3:1 and 10:1 are
considered to be qualitatively detected, however below the limit of
quantiﬁcation. In statistical analyses, these values were set as one
half of the limit of quantiﬁcation.
2.6. Statistical analysis
Analysis of Variance (ANOVA) was used to analyse the signiﬁ-
cance of differences in PFAS concentrations among different groups
of samples. The assumption of normality was assessed using the
Shapiro-Wilk test (performed on the standardised residuals);
where the assumption failed the data were log-transformed and
the residuals re-tested. The assumption of homogeneity of variance
was assessed using the Levene Statistic; where the assumption
failed the Welch test was used to re-test the data. Only those sites
where these two assumptions were met were included in the
ANOVA. Pearson correlation coefﬁcients were used to identify
statistically signiﬁcant relationships between PFAS and landﬁll
leachate indicators (see Table 3). PFAS In all statistical analyses,
censored data was substituted with one half of the detection limit
or quantiﬁcation limit (Mikkonen et al., 2018). All analyses were
completed using the statistical package SPSS (IBM SPSS Version
23.0).
3. Results and discussion
3.1. Concentrations and geographic distribution of PFAS in
groundwater
PFAS were detected in all groundwater samples (n¼ 13) and the
sum of detected PFAS (
P
14PFAS) ranged from 26 to 5,200 ng/L
(Table 2, Fig. 2). PFOS, PFHxS, PFOA and PFBS were detected at all
locations. PFHxS had the highest median concentration (34 ng/L;
range 2.6e280 ng/L) followed by PFOS (median: 26 ng/L; range:
1.3e4,800 ng/L), PFHxA (median: 19 ng/L; range: <LOQ e 46 ng/L)
and PFOA (median: 12 ng/L; range: 2e74 ng/L). The precursor 6:2
FTS was only detected at two sites, and PFDoDA, PFDS and the
precursor 8:2 FTS were below the LOQ at all locations; as such,
these compounds will not be discussed further.
The site sampled in the northern part of the study area (Site B)
contained the lowest
P
14PFAS (26 ng/L), with a maximumconcentration of 3.3 ng/L for any individual PFAS (PFBA). As this site
is not impacted by landﬁll leachate (see Table 1 and Section 2.1),
these results indicate that the site is a reasonable representation of
ambient (anthropogenic) background groundwater condition in
the study area. The most likely sources of PFAS to groundwater at
this site are urban runoff and precipitation, with some potential
surface water inﬁltration from the adjacent Yarra River.
The proportions of different PFAS in groundwater varied
considerably across the dataset; PFOS comprised the highest pro-
portion of
P
14PFAS at ﬁve sites, followed by PFOA (n¼ 4) and
PFHxS (n¼ 3) (Fig. 2; Table S5; supp. material). Sites dominated by
PFOA (LI1-W, LI2-W, LI3, LI4) are located in the western part of the
study area and are screenedwithin or immediately down-hydraulic
gradient from three legacy landﬁlls, two of which are known to
have accepted domestic (municipal) waste between the 1930s and
1990s (Fig. 2). These sites had
P
14PFAS between 160 and 240 ng/L
and all contained similar concentrations (range: 56e74 ng/L) and
Fig. 2. Sum of detected PFAS concentrations (
P
14PFAS) and proportions of major PFAS in the total detected for the 13 sampled sites across Fishermans Bend.
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consistent with previous studies of municipal landﬁll leachate and/
or leachate impacted groundwater, which have shown comparable
proportions of PFOA/
P
PFAA (e.g., 29%e42%, Yan et al., 2015;
Fuertes et al., 2017). A one-way ANOVA revealed signiﬁcant dif-
ferences between these four sites (i.e. LI1-W, LI2-W, LI3 and LI4)
and the remaining sampled sites across the study area for (log-
transformed) PFOA and PFOA/
P
PFAA (P 0.005). Sites LI2-W and
LI3 also contained relatively high concentrations of PFBA (39 and
49 ng/L respectively; Table 2) whereas this compound was below
detection at sites LI1-W and LI4) possibly reﬂecting different waste
types and/or ages in the different municipal landﬁlls.
In contrast, sites dominated by PFOS and PFHxS included three
sites unimpacted by landﬁll leachate (NI2, NI3 and NI4), located in
the eastern part of the study area (i.e. away from any known
municipal landﬁlls). In addition, there were four sites dominated by
PFOS and PFHxS in the centre of the study areawhich show impacts
from landﬁll leachate (LI5, LI6-W, LI7 and LI8) (Fig. 2); however, the
legacy landﬁlls located near these sites are not known to have
accepted municipal waste. Based on ﬁeld observations and aerial
photographs, these landﬁlls appear more likely to have been un-
regulated dumping grounds within former quarries, where con-
struction, demolition and/or general industrial waste was
deposited. Such waste does not typically generate leachate com-
ponents such as ammonia and methane, which are derived from
the breakdown of organic, putrescible wastes (Kjeldsen et al.,
2002). However, the presence of ammonia and elevated methane
(mean¼ 8.32mg/L) in the groundwater at site LI6-W indicates that
while these landﬁlls did not ofﬁcially accept municipal waste, there
was likely some disposal of putrescible material, in addition to the
disposal of industrial, construction and demolition waste. Our data
suggest (see section 3.2 below) that such waste is associated withdifferent types of PFAS (e.g. lower proportions of PFCAs) compared
to the municipal landﬁlls. However, it is acknowledged that various
environmental factors such as fate and transport and precursor
transformation could contribute to the observed PFOS and PFHxS
dominance in sites proximal to industrial, construction and de-
molition waste.
A notable outlier in terms of PFOS concentrations occurred at
NI4 (4,800 ng/L; comprising 93% of the total mass of detected PFAS
at the site), which exceeded themedian PFOS concentration (26 ng/
L) by more than two orders of magnitude. The concentration of
PFHxS (280 ng/L) at this sitewas also nearly one order of magnitude
higher than the overall median. NI3, the closest sampled site to NI4,
exhibited the second highest PFOS concentration (230 ng/L), PFHxS
concentration (170 ng/L) and
P
PFSA concentration (470 ng/L),
while the next closest sampled site (NI2) exhibited the third
highest PFOS concentration (75 ng/L), PFHxS concentration (96 ng/
L) and
P
PFSA concentration (220 ng/L) (Table 2). Due to their
geographic proximity, these data indicate a possible common
source of perﬂuoroalkyl sulfonic acids (PFSAs) at NI2, NI3 and NI4,
which is probably unrelated to municipal landﬁll leachate (further
evidence is discussed in section 3.2 below). A one-way ANOVA
revealed these three sites (NI2, NI3 and NI4) exhibit signiﬁcantly
different concentrations compared to the remaining sites for PFHxS
(p¼ 0.002), PFBS (p¼ 0.022) and PFPeS (p¼ 0.012). Concentrations
and proportions of PFOA (7.5e18 ng/L and 0.3e3.8%, respectively)
were substantially lower at these sites compared to the four sites in
the western part of the study area near legacy municipal landﬁlls.
NI4, the site with the highest PFOS and PFHxS concentrations is
located within 70m of a current paper manufacturing/processing
facility andwithin 80m of a former chemical manufacturing facility
operational from 1896 to 2013 which historically produced clean-
ing and oleo products (Fig. 1a; URS, 2014), each known to contain
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other PFSAs may therefore be a result of an industrial point-source,
such as a chemical storage area or historical chemical spillage,
resulting in a localised plume.3.2. Relationships between PFAS and other landﬁll leachate
indicators
Other typical indicators of landﬁll leachate impacting ground-
water quality include elevated concentrations of ammonia/
ammonium, bicarbonate, potassium, total organic carbon and dis-
solved methane (Eschauzier et al., 2013). These parameters show
clear correspondence with legacy landﬁll locations known to have
acceptedmunicipal wastes (i.e., putrescible organic waste as well as
other household domestic waste) in the study area (Table 1). Cor-
relation coefﬁcients for PFAS concentrations and these landﬁll in-
dicators are shown in Table 3. PFCAs, particularly PFOA, are
typically associated with municipal landﬁll leachate (Eschauzier
et al., 2013; Gallen et al., 2017; Hamid et al., 2018). PFCAs in the
study area showed positive correlations with landﬁll leachate in-
dicators, for example PFOAwith ammonia-N (R2¼ 0.50, p¼ 0.009),
total organic carbon (R2¼ 0.59, p¼ 0.002) and bicarbonate
(R2¼ 0.45, p¼ 0.012), and PFHxA with ammonia-N (R2¼ 0.39,
p¼ 0.029) and potassium (R2¼ 0.37, p¼ 0.035). Omitting sites
suspected to be impacted with sources of PFAS other than landﬁll
leachate (i.e. NI2, NI3 and NI4; see section 3.1 above) allows for a
broader assessment of the correspondence between PFCAs and
leachate indicators, without confounding inﬂuences from anoma-
lous point sources. In this scenario, the correlation coefﬁcients
remained similar for PFOA and typically increased for
P
PFAA; for
example, R2 values for
P
PFAA with bicarbonate, total organic car-
bon and ammonia-N increased to 0.54 (p¼ 0.016), 0.68 (p¼ 0.003)
and 0.36 (p¼ 0.066), respectively. In addition, the correlation co-
efﬁcients typically increased for PFBS in this scenario; for example,
R2 values increased for bicarbonate (R2¼ 0.48, p< 0.05) and total
organic carbon (R2¼ 0.52, p< 0.05) suggesting the presence of
some PFBS in leachate-impacted groundwater.
PFOA/
P
PFAA also exhibited a strong positive correlation with
(log-transformed) ammonia-N concentrations (R2¼ 0.69), while
moderate positive correlations with (log-transformed) bicarbonate
and total organic carbon were also observed (R2¼ 0.54 and 0.51,
respectively) (Fig. 3 and Fig. 4). This is consistent with PFOA
constituting a signiﬁcant proportion of landﬁll-leachate derived
PFAA and behaving relatively conservatively during sub-surface
transport (Eschauzier et al., 2013). Examination of ratios of PFAA,
in addition to absolute concentrations, allows for an assessment of
the degree of correspondence of these compounds to the other
known leachate indicators, independent of the original magnitude
of PFAA source(s) in the landﬁlls, and allows assessment of theFig. 3. Relationship between two commonly detected PFAA (as a proportion of the sum of d
per site) which is an indicator of the degree of legacy landﬁll impact on groundwater qualdegree of modiﬁcation/change of these PFAA (relative to other
PFAA) during transport in the aquifer. Relatively strong correlations
between these ratios (as opposed to ratios of PFSAs to
P
PFAA) is
consistent with the hypothesis that these particular compounds
behave relatively conservatively in typical aquifer environments
(Eschauzier et al., 2013; Hamid et al., 2018). PFOA/
P
PFAA may
therefore serve as a potentially useful indicator of municipal
landﬁll, as opposed to non-landﬁll (or industrial/construction
waste landﬁll) derived PFAS in areas with complex land-use history
and multiple potential sources.
There was no signiﬁcant positive correlation between PFOS or
PFHxS (the PFAA with the highest median and maximum values)
and the typical landﬁll leachate indicators (Table 3). Previous
studies have generally found PFOS and other PFSAs in relatively
smaller albeit still signiﬁcant proportions (Yan et al., 2015; Gallen
et al., 2017) in landﬁll leachate or leachate impacted groundwater
compared to PFOA and other PFCAs. The lack of correlation suggests
that these compounds may relate to other contamination sources.
As discussed above, this appears to include a point source of in-
dustrial contamination impacting three of the sites (NI2, NI3 and
NI4). A further four sites with relatively high concentrations of
PFHxS and PFOS (LI5, LI6-W, LI7 and LI8), but relatively low con-
centrations of
P
14PFAS (65e120 ng/L) and concentrations of typical
landﬁll leachate indicators (e.g. ammonia) occur in proximity to
suspected unregulated landﬁlls, which likely accepted construc-
tion, demolition and/or general industrial waste (as opposed to
municipal waste). Landﬁlls accepting suchwastes have been shown
to typically contain higher concentrations of PFOS, PFHxS and other
PFSAs, and lower concentrations of PFOA and other PFCAs relative
to municipal solid waste landﬁlls (Eggen et al., 2010; Gallen et al.,
2016; Hamid et al., 2018). Such landﬁlls typically do not generate
high levels of ammonia, methane or other typical municipal landﬁll
leachate indicators, due to low putrescible organic waste fractions
(Kjeldsen et al., 2002).
Additional potential PFAS sources in the region include urban
stormwater runoff and precipitation; Murakami et al., (2009a &
2009b) and Xiao et al. (2012) found signiﬁcant PFAS concentra-
tions in street runoff, which likely recharges groundwater in the
study area. However, the generally low or non-detect PFAS con-
centrations in the background site (B) indicate that if runoff and/or
precipitation were acting as signiﬁcant sources across the precinct,
they must be occurring in localised areas only. The low observed
PFAS concentrations at the background site therefore indicate that
runoff and/or precipitation are unlikely to be signiﬁcant PFAS
sources in this region, although they may be minor contributors of
certain PFAS (Loewen et al., 2005; Scott et al., 2006; Cai et al., 2012).
Sewer leakage is another possible source; however, this is consid-
ered unlikely as sewers are generally deeper than the water table
and drain groundwater rather than leaking to it (e.g., Fig. 1a and b).etected PFAA) and concentrations of ammonia-N (averages over 2 to 5 sampling rounds
ity.
Fig. 4. PFOA/
P
PFAA and ammonia-N concentrations in groundwater for the 13 sampled sites across Fishermans Bend (LL¼ Legacy Landﬁll).
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sewer leakage (e.g. bacterial contamination; Hepburn, unpublished
data).
It is acknowledged thatmany factors can inﬂuence PFAS fate and
transport in groundwater and that the detail required to charac-
terise all possible controls in the study area is largely unavailable.
However, all sampled sites were screened within a relatively uni-
form hydrogeological horizon (see cross-section presented in
Fig. 1b) which has been well characterised (Neilson, 1992; Leonard,
2006). This unit contains relatively minor organic carbon and fresh,
oxic groundwater (section 2.1) recharged by precipitation
(Hepburn et al., 2018). As such, signiﬁcant sorption/degradation of
PFAS due to water-aquifer interaction are considered unlikely, or at
least, unlikely to be occurring at highly different rates across the
study area.Fig. 5. New framework for assessing legacy3.3. New framework for identifying legacy landﬁll PFAS impacts in
groundwater
A new framework for identifying PFAS impacts in groundwater
surrounding legacy landﬁlls is presented in Fig. 5. The framework
may be used by practitioners, regulators and academic researchers
to isolate landﬁll-related PFAS impacts to groundwater in settings
where multiple PFAS sources may exist, such as in urban re-
development areas. The framework consists of a ﬂowchart which
systematically outlines which landﬁll indicators to analyse, fol-
lowed by the use of PFOA/
P
PFAA to determine the likelihood of
various sources being attributable to the observed PFAS impacts
(e.g. groundwater impacted by ﬂuoropolymer manufacturing sites
might be expected to contain elevated PFOA/
P
PFAA but would not
typically contain other elevated landﬁll indicators). The framework
also encourages the use of historical site knowledge, where
available.landﬁll PFAS impacts to groundwater.
E. Hepburn et al. / Environmental Pollution 248 (2019) 101e1131103.4. Comparison to australian and international PFAS
concentrations in landﬁll leachate
Hamid et al. (2018) recently reviewed and compiled PFAS data
from a range of landﬁll types reported worldwide (Hamid et al.,
2018 Fig. 2 and Table 1). In general, PFASs in groundwater from
this study, including the sites screened in legacy landﬁll waste,
were far below those reported in raw and treated leachate for
operating and recently closed landﬁlls (e.g. PFOA  214,000 ng/L;
PFBA  9,270 ng/L; PFHxA  25,000 ng/L). This can be attributed to
the long period of time since closure of the landﬁlls in the study
area (e.g. 1990 or earlier), which has likely resulted in a large pro-
portion of readily leachable PFAS in the waste material having
already been removed by groundwater. The ranges of concentra-
tions in this study are similar to those reported in leachate-
impacted groundwater (as opposed to raw leachate) by
Eschauzier et al. (2013) (74e4,400 ng/L
P
PFAA e see Table 4 for
comparison to mean concentrations). Further ﬁeld studies utilising
the approach taken in this paper to assess PFAS concentrations in
leachate-impacted groundwater in other regions is vital for 1)
evaluating the effectiveness of this approach, and 2) developing a
better understanding of the risks posed by PFAS-containing waste
to human health and the environment surrounding legacy landﬁlls.
Concentrations of C4 and C8 chemistries (PFBA, PFBS, PFOA and
PFOS) were relatively low in the groundwater in this study
compared to typically reported landﬁll leachate (Table 4). PFBA and
PFBS have been used as replacements for PFOS and PFOA in recent
times (Buck et al., 2012) driven by the deliberate phasing out of PFOS
and PFOA via voluntary agreements between their primary manu-
facturers and the US EPA (US EPA, 2006; 2009). For this reason, PFBATable 4
Summary of reported literature values of PFAS concentrations and ratios by source and r
Region n Mean concentrations (ng/L)
PFOA PFOS PFBA PF
AFFF-impacted groundwater
Europe 3 29 481 12 30
e 12,000 26,000 1,300 1,
Australia 13 200 2,600 200 50
USA 24 33,596 34,796 16,346 28
10 36,110 32,000 e e
Manufacturing-impacted groundwater
Asia 37 22,384 5.6 1,564 2.
4 1,422 0.4 1,544 37
17 156 6.3 21 3
10 335 35 12 10
Recycled Wastewater (partially treated)-impacted groundwater
Europe 31 1 1 <1 <
164 3 4 e <
Australia 28 2.2 11 6.1 4.
Background
Africa 12 0.2 0.8 0.2 0.
Asia 102 4.8 4.4 2.4 10
Australia 1 1.7 7.7 3.3 2
Landﬁll leachate-impacted groundwater
Australia (municipal waste) 4 66 35 44 12
Australia (mixed waste)b 4 8 25 10 8
Netherlands (mixed waste)c 4 559 e 393 39
Raw landﬁll leachate e operating landﬁlls
Australia (municipal waste) 12 520 300 e e
China (municipal waste) 5 49,246 2,716 3,518 15
Canada (mixed waste)d 3 210 80 70 28
Raw landﬁll leachate e closed landﬁlls
Australia (municipal waste) 7 390 180 e e
USA (municipal waste) 6 663 109 748 56
a Ratio only calculated where the total number of PFAA compounds analysed were co
b Mixed waste (inferred construction, demolition and/or general industrial waste; like
c Mixed waste (household and construction).
d Mixed waste (soils/sand, municipal, construction and demolition); “-”¼ not analyseand PFBS are likely to be seen in higher concentrations in relatively
new landﬁlls. The relative lack of signiﬁcant concentrations of these
replacement compounds in our study is somewhat expected given
the landﬁll operational periods (1930se1990s); although these
compounds were still detected at nearly all sampled sites.
In comparison to raw and treated landﬁll leachate, groundwater
down-gradient from legacy landﬁlls is subject to a signiﬁcant degree
of dilution with regional groundwater, and possibly, attenuation
processes such as sorption and/or degradation of precursor PFAS
(given the long timeframeofwastedisposal and industrial activity in
the region). As discussed above, the relativelyhigh concentrations of
PFOA in comparison to PFSAs near the (legacy) municipal landﬁlls,
and the positive correlations between PFCAs (but not PFSAs) and
typical leachate indicators are consistent with a lesser degree of
sorption of the former during subsurface transport. No signiﬁcant
negative correlation between groundwater TOC and PFAS was
observed in the data (in fact a moderate positive correlation was
observed between PFOA/
P
PFAA and TOC, likely because TOC is
associatedwith landﬁll leachate), norwas any signiﬁcant correlation
with pH observed, which may otherwise indicate a strong control
exerted by sorption behaviour on the observed concentrations
(Higgins and Luthy, 2006). The relative persistence of PFOA in such
settings may also relate to the degradation of various PFAA pre-
cursors to PFOA after disposal to landﬁll (Hamid et al., 2018).3.5. Comparison to reported literature values of PFAS
concentrations and ratios by source
The concentrations of selected PFAS and key ratios (including
PFOA/
P
PFAA) from this study are further compared to those inegion.
Key ratios (mean) Source
BS
P
PFAA PFOA/
P
PFAA PFOA/
PFOS
867 0.03 0.1 Wagner et al. (2013)
100 77,350 0.16 0.5 Woodard et al. (2017)
0 7,170 0.03 0.1 Braunig et al., 2017
,729 329,704 0.11 2.7 Houtz et al. (2013)
e a 1.9 Moody et al. (2003)
4 26,052 0.65 1705 Liu et al. (2016)
5 3,340 a 2942 Wang et al. (2016)
254 0.58 95 Lu et al. (2018)
8 806 0.42 11 Wei et al. (2018)
1 40 0.10 1.1 Boiteux et al. (2012)
0.3 e a 0.8 Loos et al. (2010)
4 37 0.09 0.4 Szabo et al. (2018)
2 1.8 0.08 0.3 Kabore et al. (2018)
42 0.12 2.2 Wei et al. (2018)
26 0.07 0.2 This study
204 0.33 4.8 This study
92 0.08 0.3 This study
1,259 0.24 e Eschauzier et al. (2013)
3,466 a e Gallen et al. (2017)
,236 80,220 0.30 9.4 Yan et al. (2015)
2547 0.08 2.6 Benskin et al. (2012)
2,219 a e Gallen et al. (2017)
7 3,889 0.20 6.5 Huset et al. (2011)
mparable to this study.
ly some additional putrescible material).
d.
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wastewater as well as background concentrations and raw leachate
in Table 4. The concentrations of PFAA (including PFOA and PFOS)
are signiﬁcantly lower in leachate-impacted groundwater
compared to groundwater impacted by AFFF and manufacturing
sites, likely due to higher starting concentrations of the source at
these sites, compared to landﬁlls. In comparison, concentrations of
PFAA are signiﬁcantly higher in leachate-impacted groundwater
compared to groundwater impacted by wastewater, the concen-
trations of which are similar to background concentrations.
Overall, there is evidence that leachate-impacted groundwater
(our study) has distinctly higher ratios of PFOA/
P
PFAA (0.33) and
PFOA/PFOS (4.8) compared to groundwater impacted by AFFF and
wastewater (PFOA/
P
PFAA range: 0.03e0.16; PFOA/PFOS
range¼ 0.1e2.7), indicating that higher PFOS concentrations are
generally associated with these sources. In comparison, leachate-
impacted groundwater has similar ratios to raw landﬁll leachate
reported in Huset et al., 2011) (PFOA/PFOS¼ 6.5 and PFOA/
P
PFAA¼ 0.20) and in Yan et al. (2015) (PFOA/PFOS¼ 9.4 and PFOA/
P
PFAA¼ 0.30). Importantly, much higher proportions of PFOA are
observed in the municipal leachate-impacted groundwater (this
study) compared to the mixed-waste leachate-impacted ground-
water (also this study). The relative prevalence of PFOA compared
to the other PFAA in municipal leachate impacted groundwater is
consistent with the ﬁndings of Hamid et al. (2018) (discussed
above).
Aside from at leachate-impacted sites, the only other type of site
where signiﬁcantly higher PFOA concentrations (both absolute and
as a proportion of total PFAA) are observed is at PFAS
manufacturing sites (e.g. Liu et al., 2016). The data for these sites are
somewhat limited and may be biased towards whichever PFAS
were manufactured in largest quantities at such sites.
4. Conclusions
To date, the extent of per- and polyﬂuoroalkyl substances (PFAS)
in groundwater surrounding legacy landﬁlls is poorly constrained,
highlighting the signiﬁcant knowledge gap in the global literature
with respect to PFAS in groundwater from this source. We deter-
mined concentrations of a range of PFAS in groundwater in an ur-
ban re-development area with multiple legacy landﬁlls and a long
history of industrial activity. Total PFAS concentrations ranged from
26 to 5,200 ng/L. Sites within or immediately down-gradient from
legacy landﬁlls that accepted municipal waste from the
1930se1990s, contained
P
14PFAS (between 160 and 240 ng/L) that
were signiﬁcantly lower than active or recently closed landﬁlls, but
which were consistent with other studies of groundwater impacted
by landﬁll leachate. These sites were dominated by PFOA (25e45%
of the sum of detected PFAS), which is consistent with other studies
reporting relatively high proportions of PFOA in municipal landﬁll-
related PFAS. A strong positive correlation between PFOA/
P
PFAA
and ammonia-N concentrations, and correlation coefﬁcients be-
tween PFCAs and other leachate indicators are consistent with
these compounds being sourced from landﬁll leachate and
behaving relatively conservatively during subsurface transport.
PFOA/
P
PFAA could therefore potentially be used as a tracer of PFAS
derived from (municipal) landﬁll leachate as distinct from other
sources (such as industrial point sources or construction/demoli-
tion waste landﬁlls) in areas of complex land-use history such as
Fishermans Bend. A new framework for isolating landﬁll-related
PFAS impacts to groundwater in such settings has been presented
as a potentially replicable approach for analogous precincts where
groundwater contamination is widespread. Comparison of PFOA/
P
PFAA from this study to AFFF, manufacturing and wastewater
sources indicate promise in the use of the ratio as a standalonediagnostic tool for PFAS source identiﬁcation, potentially inde-
pendent of the presence or absence of the more traditional landﬁll
leachate indicators such as ammonia and methane.
High
P
14PFAS (320e5,200 ng/L) also occurred at a subset of
sites that were dominated by PFSAs, particularly PFOS and PHFxS.
These sites showed no evidence of typical landﬁll leachate impact
(such as elevated ammonia-N) and were not located near any
known former landﬁlls. It is therefore likely that the anomalously
high concentrations relate to an industrial point-source.
To our knowledge this is one of the ﬁrst studies to report PFAS
concentrations in groundwater impacted by contamination from a
range of legacy landﬁll types and other diffuse and localised inputs
(i.e. an area of complex, mixed land-use history including former
industrial facilities and multiple landﬁll sites which accepted
different waste types over a long period). The observed concen-
tration ranges and proportions of different PFAS, which are attrib-
uted to different sources here, may be broadly representative of
PFAS contamination in such regions. The data reported here may
have wider signiﬁcance for environmental regulation of urban re-
development projects worldwide, as many such projects are
located in similar settings, with long histories of industrial activity
and both municipal and unregulated landﬁlling. Future research
involving larger sample sizes from sites worldwide is needed to
verify the effectiveness of PFOA/
P
PFAA as an indicator of PFAS
derived frommunicipal landﬁll leachate compared to conventional
indicators.
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Growing urban populations worldwide have seen governments
focus increasingly on vacant, derelict, or former industrial areas proxi-
mal to city centres, to solve housing and sustainability challenges
(Kotval, 2016; UN, 2018; USEPA, 2018). Such areas may contain a po-
tentially signiﬁcant number of historical, or ‘legacy’ landﬁlls. The origi-
nal locations for such landﬁlls were typically selected based on
proximity to waste production and the availability of large pits (usually
the result of gravel or sand quarrying), rather than on any suitable geo-
logical and/or hydrogeological criteria (Hamer, 2003). Furthermore, if
constructed prior to the 1990s, such landﬁlls were typically built with
little or no leachate treatment and/or control systems and can therefore
act as ongoing sources of contamination to local groundwater (Kjeldsen
and Christophersen, 2001; Han et al., 2014; Han et al., 2016; Samadder
et al., 2017). Groundwater may be utilised for irrigation and/or potable
water supply in urban areas, and may discharge to receiving waters
such as wetlands, streams and bays, thus creating possible pathways
and receptors for landﬁll-derived contamination. Human exposure
pathways can include inhalation of volatile contaminants, and dermal
contact with, or ingestion of, contaminated water. Determining the ex-
tent of landﬁll-derived contaminants in groundwater in urban environ-
ments, and understanding the processes governing their fate and
transport, is therefore vital to developing contaminant management
and remediation strategies which protect human and ecological health.
Contaminants typically associated with landﬁll-derived contamina-
tion in groundwater include ammonia, dissolvedmethane, bicarbonate,
sulfate, various heavy metals, and organic compounds such as aromatic
hydrocarbons and phenols (Kjeldsen et al., 2002). Recent research has
also detected pharmaceuticals (Masoner et al., 2014; Peng et al., 2014)
and various perﬂuoroalkyl acids (PFAA), such as perﬂuorooctanoic
acid (PFOA) (Benskin et al., 2012; Gallen et al., 2016, 2017; Fuertes
et al., 2017) in landﬁll leachate and leachate-impacted groundwater.
PFOA in particular is relatively stable in both leachate and leachate-
impacted groundwater when compared to the stability of other per-
and polyﬂuoroalkyl substances (PFAS) in these media (Hamid et al.,
2018; Eschauzier et al., 2013). Depending on the fate and transport of
such contaminants and the potential exposure pathways, the associated
ecological and human health risks may continue for a signiﬁcant period
afterwaste acceptance has ceased (Lee et al., 2006; Kjeldsen et al., 2002;
EPA Victoria, 2018). Indeed, previous research has shown leachate
plumes in groundwater to last decades, even centuries in some cases
(Baun et al., 2003; Cozzarelli et al., 2011; Regadio et al., 2012).
The generation and volume of leachate can vary signiﬁcantly among
landﬁlls, depending on factors such as seasonality (e.g. varying precipi-
tation rates), hydrological parameters, waste compaction, waste age
and engineering controls (Lema et al., 1988; Bhalla et al., 2013). In addi-
tion, temporal variations in groundwater level have been shown to af-
fect reduction-oxidation (redox) zones which constitute an important
chemical framework for attenuation processes occurring within a
plume (Bjerg et al., 1995; Cozzarelli et al., 2011; Han et al., 2014).
Other attenuating processes include dilution, sorption, anaerobic degra-
dation, ion exchange and precipitation (Christensen et al., 2001). Leach-
ate composition can also vary substantially depending on the types of
waste accepted (Gallen et al., 2017). These factors mean that clear iden-
tiﬁcation of the degree of impact on groundwater quality from (legacy)
landﬁlls can be challenging. As such, the development of speciﬁcmonitoring indicators (e.g. involving parameters that are highly sensi-
tive to leachate impacts), which can identify and delineate legacy-
landﬁll related contamination from different landﬁll types and other
possible contamination sources, is of great potential value. This is partic-
ularly the case where landﬁlls occur within areas of complex land-use
history, multiple landﬁll sites and types, as well as other potential con-
tamination sources – characteristics which are common within large
urban re-development precincts worldwide.
A ‘precinct’ is deﬁned herein as an area consisting of multiple,
fragmented, adjoining parcels of potentially contaminated sites which
may contain widespread regional impacts to the environment, but
which may also contain complex, site-speciﬁc and spatially isolated
contaminant plumes from a wide array of land owners and industries.
Site-speciﬁc plumes may co-mingle with the regional pollutants and
may have their origins in relatively old sources which are no longer
present in the subsurface, or from new, continuous source zones. Sepa-
rating contaminants related to particular sources (such as legacy land-
ﬁlls) is challenging, and the development of methods to assist this
separation is therefore required. Fishermans Bend in Melbourne,
Australia, represents one such precinct, encompassing 240 ha of former
industrial land currently undergoing progressive re-zoning into resi-
dential land (Bolton et al., 2013; DELWP, 2017). The region contains
several historical landﬁlls of different types, which accepted both mu-
nicipal and industrial, construction and/or demolition waste during
the 20th Century. It was hypothesised that these landﬁlls may have
acted as sources of contamination to the region's shallow groundwater
and may represent ongoing sources.
Several methods exist to delineate leachate plumes and better un-
derstand the complex hydraulic and hydrological conditions present
in urban landﬁlls. These include measuring typical tracer compounds
(e.g. ammonia and potassium) in groundwater (Mulvey, 1999;
Regadio et al., 2012), and more recently, using carbon isotopes
(Porowska, 2017) and leachate pollution indices (Naveen et al., 2017).
In addition, recent studies have shown that the concentrations of certain
PFAA, speciﬁcally perﬂuoroalkyl carboxylic acids (PFCA) such as PFOA,
are strongly associated with landﬁll leachate in groundwater surround-
ingmunicipal landﬁlls, and that these PFCA behave relatively conserva-
tively during sub-surface transport, making them potentially useful
tracers of municipal leachate contamination in groundwater
(Eschauzier et al., 2013; Gallen et al., 2017; Hamid et al., 2018). How-
ever, little further research has focused on the use of ratios of PFAA as
diagnostic tools for landﬁll leachate contamination.
Hepburn et al. (2019) built on the data and ﬁndings from these re-
cent studies and examined concentrations and ratios of PFAA in ground-
water impacted by multiple sources, including legacy landﬁlls, within
the present study area (Fishermans Bend). It found that leachate-
impacted groundwater from municipal waste had distinctly different
ratios of PFOA/∑PFAA (range: 0.25–0.45) compared to groundwater
impacted by mixed wastes (range: 0.08–0.24). After a comprehensive
review of data from a range of different PFAS source types worldwide,
the study also found that these PFOA/∑PFAA ratios were distinctly dif-
ferent from groundwater impacted by Aqueous Film Forming Foams
(AFFF) (range: 0.03–0.16), recycled wastewater (range: 0.09–0.10)
andmanufacturing sites (range: 0.42–0.65). In comparison to these dis-
tinct PFOA/∑PFAA ratios, the absolute concentrations of key PFAS such
as PFOA and perﬂuorooctane sulfonate (PFOS) displayed a degree of
overlap between source types, indicating they may be less useful than
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by using PFAA as ratios, the effect of overall contamination source
strength (i.e., due to variable degrees of mixing and dilution in the
groundwater and age/composition of the landﬁll waste) can be con-
trolled for.
Building further on this work, the present study sought tomodify an
existingmethod byMulvey (1999) which utilises leachate to native (‘L/
N’) cation ratios to delineate leachate plumes and differentiate between
waste types in groundwater, by incorporating data on the concentra-
tions of PFAA (speciﬁcally PFOA/∑PFAA) in groundwater. It was
hypothesised that incorporation of PFOA/∑PFAA into the existing L/N
ratio might serve to amplify the leachate signature in urban groundwa-
ter impacted by numerous diffuse sources of contamination, and possi-
bly help differentiate leachate impacts from different landﬁll (waste)
types. It was further hypothesised that the existing L/N ratio and its re-
liance on ammonia and potassium as the key leachate indicators in
groundwater may be limited in its ability to detect leachate impacts
within the study area, given the presence of multiple contaminant
sources, a large number of legacy landﬁlls, prolonged times since landﬁll
closures (decades), and variability in the type of wastes accepted. The
aims of this study were therefore to:
1) investigate the extent of impact to groundwater from known legacy
landﬁlls based on conventional indicators of leachate impact (for ex-
ample, ammonia, potassium, bicarbonate, total organic carbon, dis-
solved methane and sulfate) and by examining the standard L/N
ratios as a means of distinguishing landﬁll-impacted from non-
impacted groundwater;
2) examine the effectiveness of including perﬂuoroalkyl acids (speciﬁ-
cally PFOA/∑PFAA) in the L/N ratio to improve its effectiveness in
identifying leachate impacts, including those from landﬁlls with a
relatively low component of putrescible waste; and
3) examine the inﬂuence of seasonal dynamics and different waste
type on the composition of leachate-impacted groundwater.
Overall, we demonstrate via statistical analyses that the new modi-
ﬁed index incorporating PFOA/∑PFAA allows for signiﬁcantly clearer
identiﬁcation of landﬁll-related groundwater contamination than
would otherwise be possible with existing methods in complex urban
re-development areas where multiple potential contamination sources
exist. In addition, the modiﬁed index also potentially allows for clearer
identiﬁcation of impacts from landﬁlls with a relatively low putrescible
waste component, as distinct frommunicipal landﬁlls (where this com-
ponent is higher). As ammonia and other conventional leachate indica-
tors are typically limited in leachate from these types of landﬁlls, a
metric that can be used to delineate their impacts is highly valuable
and could be a powerful new monitoring indicator. We propose that
this new index may be applicable within numerous analogous urban
re-development precincts worldwide where groundwater contamina-
tion is widespread and delineation frommultiple sources, including dif-
ferent types of legacy landﬁlls, may be critical for assessing and
minimising human health and environmental/ecological risks during
the re-development phase and into the future.
2. Background and setting
Fishermans Bend is located near the mouth of the Yarra River on
Quaternary river-delta sediments, approximately 1 km southwest of
the Central Business District of Melbourne, Australia. The uppermost
natural sediment is named the Port Melbourne Sand (PMS) and acts
as an unconﬁned aquifer, approximately 5–10 m thick, with a shallow
water table (Neilson, 1992; Holdgate and Norvick, 2017). Groundwater
in the PMS varies from oxygen-rich to reducing (dissolved oxygen (DO)
from 0.01 to 5.72 mg/L, and oxidation-reduction potential (ORP) from
−256 to +460 mV) and has a typically neutral pH (median = 6.56),
with localised areas of low pH associated with industrial contamination(AECOM, 2016). Groundwater salinity in the PMS varies from 91 to
2971 mg/L (median = 931 mg/L) total dissolved solids (TDS)
(AECOM, 2016). The Coode Island Silt (CIS) sits stratigraphically below
the PMS and is comprised of soft, silty clays with high organic content
(Holdgate and Norvick, 2017). Groundwater in this unit is reducing
(median ORP = -224 mV) with neutral pH (median = 6.72) and high
salinity (median = 19,490 mg/L TDS). The shallow subsurface is typi-
cally underlain by artiﬁcial ﬁll up to approximately 5 m thick (Neilson,
1992). Groundwater across the precinct predominantly ﬂows towards
a sewer located in the south east of the study area (Fig. 1).
The climate in Melbourne is semi-arid, with an annual precipitation
of 663 mm and a potential evapotranspiration (PET) of approximately
1010mm(BOM, 2018). Precipitation is generally consistent throughout
the year; mean monthly precipitation varies from 43 mm in January
(summer) to 65 mm in November (spring), however 41% of total PET
occurs in summer (December–February, mean temperature = 25 °C)
compared to only 13% in winter (June–August, mean temperature =
14 °C; BOM, 2018). Tritium activities in the PMS aquifer range from
1.75 to 2.45 TU (n = 11), similar to Melbourne rainfall (2.8 to 3.0 TU;
Tadros et al., 2014) with some minor decay during residence in the
aquifer (Hepburn, unpublished results). In contrast, tritium activities
were signiﬁcantly lower in the CIS aquitard, ranging from 0.20 to 0.35
TU (Hepburn, unpublished results). No correlation was found between
tritium activities in groundwater and other indicators of landﬁll leach-
ate impact (such as ammonia and potassium concentrations), indicating
rainfall is the predominant tritium source, as opposed to landﬁll leach-
ate (which has been documented in some settings, e.g., Cendón et al.,
2015).
Across Fishermans Bend there are seven known legacy landﬁlls that
accepted different waste types during the 1930s to 1990s (Fig. 1). Two
of these landﬁlls, located in the western part of Fishermans Bend, ac-
ceptedmunicipal solid waste. As such, these two landﬁlls were the sub-
ject of environmental audits, whichprovide some information about the
degree of soil and groundwater contamination (Lane Consulting, 1999;
SKM, 1999). In contrast, much less is known about the ﬁve remaining
unregulated landﬁlls which are typically located in the central part of
the study area and are generally reported as having accepted waste in
an indiscriminate manner (AECOM;, 2015). These landﬁlls likely ac-
cepted construction, demolition and/or general industrial waste, how-
ever, as is the case with many legacy landﬁlls, there is little
information concerning the type of wastes accepted, operational pe-
riods or effects on surrounding groundwater for these ﬁve landﬁlls.
The information that is available typically consists of observations and
aerial photographs within desktop reviews (e.g. Golder Associates,
2012; AECOM, 2015) which identify historical uncontrolled ﬁlling
within former sand quarries prominent in the centre of the study area.
It is assumed that none of the landﬁlls were equipped withmodern en-
gineering controls such as liners, drainage layers and leachate or gas col-
lection systems, which might serve to limit interaction between
leachate and groundwater.
3. Materials and methods
3.1. Sample collection and laboratory analysis procedures
A total of 128 groundwater sampleswere collected from thirty-eight
shallow monitoring bores over ﬁve sampling campaigns in November
2015, May, June and August 2016 and May 2017. Most bores were
screened in the PMS aquifer; information including bore depths,
screened intervals and lithology are presented in Table S1 (supplemen-
tary material). Samples were collected using a low-ﬂow bladder pump
with dedicated low-density poly ethylene (LDPE) tubing. Prior to sam-
ple collection, standing water level was measured using a Solinst™ in-
terface probe and ﬁeld parameters were monitored in purged water in
accordancewith StandardNo. 5667–11 (ISO, 2009). Samples for alkalin-
ity and major ions were collected in clean 250 mL plastic bottles.
Fig. 1.Map of the Fishermans Bend urban re-development precinct (black lines), including the location of legacy landﬁlls (green polygons), and sampled bores screened in the Port
Melbourne Sand (red = landﬁll impacted, blue = non-impacted, green = ambient background) and bores screened in the Coode Island Silt (yellow). Groundwater elevation contours
are shown in blue indicating ﬂow towards the redundant sewer (pink line) located in the south east of the precinct.
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in 40 mL vials which were fully ﬁlled to ensure no headspace gas
remained. Samples for dissolved metals were collected and analysed
as described in Hepburn et al. (2018). All samples were stored at 4 °C
before being submitted to Australian Laboratory Services for analysis
via PC Titrator (alkalinity), dual column gas chromatography with
ﬂame ionization detector (dissolvedmethane), and inductively coupled
plasmamass spectrometry (cations). Total organic carbonwas analysed
by TOC Analyser following the American Public Health Association
(APHA) 5310B methods, and anions were analysed by Discrete
Analyser, following APHA 4500 methods (2017). Charge balances
were all within 10% (86% of samples within 5%), except for one sample
(bore NI11) where balances were− 19.2% in May 2016 and− 29.9% in
June 2016. This was potentially due to high organic matter content (or-
ganic acids) (Siegel et al., 2006). Groundwater alkalinity,major ion, total
organic carbon anddissolvedmethane concentrations for selected bores
are presented in Table 1.
Groundwater samples collected during May 2017 from a sub-set of
the bores (n= 13) were analysed for sixteen PFAA at RMIT University
in Melbourne, Australia, using the methods described in Hepburn
et al. (2019), with additional method detail and results included in
Table S2 (supplementary material). Results of selected PFAA relevant
to this study are presented in Table 2.3.2. Modiﬁed landﬁll leachate tracer method (L/N ratios)
Onemethod for identifying leachate-impacted groundwater in areas
with high background salinity and variable geochemistry relies on the
relative ratios of cations typically dominant in leachate-impacted
groundwater (i.e. potassium (K) and ammonia (NH3)) versus those typ-
ically dominant in ‘native’ (i.e. natural, non-impacted) groundwater (i.e.
magnesium (Mg), calcium (Ca) and sodium (Na)) (Mulvey, 1999), as
per the equation:
‘Standard L=N ratio’ ¼ KþNH3ð Þ= Mgþ Caþ Nað Þ  100 ð1Þ
Using this method, leachate-impacted groundwater is distinguish-
able from non-impacted groundwater by a comparatively higher leach-
ate/native cation ratio (‘L/N ratio’). For the present study it was
hypothesised that this standard method might be useful in delineating
legacy leachate plumes given that complexities such as variable ground-
water salinity (see Section 2) and changing land uses are prevalent
across the area, which make delineation otherwise difﬁcult. However,
given the number of legacy landﬁlls in the area, the prolonged time
since their closure (decades), the presence of multiple contamination
sources and the variability in the type ofwastes accepted (e.g.municipal
versus industrial, construction and/or demolition), some potential
Table 1
Summary statistics for leachate indicator concentrations in landﬁll-impacted and non-impacted bores, including bores screened in the Coode Island Silt.
Bore
ID^
Mean concentrations of major ions and organic carbon (some ranges included in brackets), methane, dissolved metals and standard L/N ratios in groundwater (mg/L)
NH3-N HCO3− K Na Ca Mg Cl SO42− CH4 TOC As Fe Mn L/N
LI1-W 99 (92–110) 1660 (1600–1740) 170 (160–200) 788 (740–846) 41 (32–49) 90 (83–96) 850 (820–890) 36 (b1.0–77) 3.9 50 (40–58) 0.003 6.2 0.040 30
LI2-W 69 (55–78) 1450 (1430–1470) 42 (41–44) 459 (441–493) 68 (66–70) 79 (76–81) 320 (310−330) 9.0 (b1.0–16) 10.4 40 (37–43) 0.004 6.9 0.080 18
LI3 8.0 (5.3–15) 922 (822–1110) 51 (35–74) 335 (214–501) 330 (250–430) 97 (76–140) 340 (200–480) 670 (410–960) 0.04 42 (35–46) 0.02 19 0.62 7.9
LI4 24 (17–27) 909 (894–941) 28 (26–31) 134 (123–147) 230 (210–260) 49 (46–52) 160 (140–180) 160 (120−230) 0.14 18 (14–21) 0.02 7.5 0.14 12
LI5 1.6 (0.8–2.2) 900 (852–936) 43 (41–44) 158 (143–172) 180 (170–180) 99 (94–100) 120 (100–140) 260 (190–320) 0.19 11 0.008 8.2 0.56 10
LI6-W 5.6 (4.1–7.2) 1090 (1020–1150) 51 (46–55) 215 (208–218) 92 (85–100) 101 (96–110) 160 (140–170) 2.0 (b1.0–5.0) 8.3 17 (16–18) 0.007 8.7 0.36 14
LI7 5.4 (4.9–6.2) 738 (699–832) 24 (23–24) 225 (217–235) 270 (210−310) 71 (66–78) 120 (110−130) 580 (480–710) 0.05 14 (13–16) 0.005 5.4 0.23 5.2
LI8 4.2 (3.2–4.7) 591 (544–616) 35 (34–36) 184 (146–203) 280 (270–290) 140 (130–140) 68 (51–79) 1000 (940–1100) 0.01 11 (10−12) 0.004 14 0.73 6.4
LI9 6.1 (4.4–7.9) 417 (394–436) 24 (22–25) 135 (122–149) 190 (170–200) 33 (31–36) 93 (87–100) 420 (420–450) 0.06 10 0.001 16 0.32 8.4
LI10-W 9.2 (7.1–13) 746 (644–825) 37 (35–39) 455 (416–478) 110 (83–130) 68 (59–74) 710 (650–760) 6.0 (b1.0–18) 7.6 29 (28–30) 0.009 18 0.58 7.3
LI11 7.7 (6.6–9.0) 958 (800–1160) 34 (28–44) 451 (233–674) 82 (75–91) 54 (43–74) 190 (100−230) 320 (9.0–550) 0.42 26 (25–26) 0.004 2.9 0.30 7.8
NI1 2.9 (2.7–3.4) 414 (406–428) 16 (15–17) 46.0 (43.0–50.0) 210 (200−210) 29 (27–30) 46 (38–59) 300 (260–340) 0.02 10 0.003 2.7 0.25 6.9
NI2 2.1 (1.8–2.5) 149 (125–173) 26 (25–27) 357 (279–441) 200 (200–210) 56 (54–60) 590 (400–770) 620 (590–640) 0.17 6.0 (b1–9.0) 0.003 11 0.29 4.6
NI3 0.10 (0.01–0.30) 101 (88–114) 7.0 (4.0–8.0) 25.0 (18.0–32.0) 2540(150–330) 18 (11–25) 16 (13−22) 600 (340–770) b0.01 15 (6.0–23) 0.003 0.70 0.46 2.2
NI4 0.50 (0.04–1.0) 176 (90–256) 7.0 (b1.0–12) 57.0 (14.0–144) 120 (30−220) 21 (3−31) 26 (12–36) 320 (27–530) 0.01 3.0 (2.0–5.0) 0.001 20 0.54 3.1
NI5 0.70 (0.60–0.90) 277 (222–347) 7.0 (6.0–8.0) 109 (79.0–154) 100 (85–130) 22 (18–23) 37 (34–42) 260 (230−300) 0.01 9.0 0.006 12 0.20 3.3
NI6 0.10 (0.10–0.10) 554 (535–593) 13 (12–14) 50.0 (46.0–54.0) 190 (170–210) 45 (41–47) 25 (22−30) 220 (200–260) b0.01 – 0.002 0.30 0.10 4.7
NI7 0.90 (0.80–1.1) 215 (186–244) 10 (9.0–10) 75.0 (38.0–111) 82 (62–100) 5.0 (4.0–6.0) 18 (15–20) 170 (120−210) – – 0.009 1.1 0.07 6.5
NI8 0.10 (0.10–0.20) 354 (334–375) 21 (18–25) 96.0 (79.0–115) 230 (190–260) 29 (23–36) 150 (110–140) 370 (270–360) b0.01 – 0.01 2.6 0.11 6.0
NI9 0.30 (0.20–0.50) 225 (180–260) 9.0 (7.0–10) 46.0 (32.0–58.0) 70 (53–83) 22 (16–27) 27 (21−33) 120 (77–160) b0.01 10 0.007 4.9 0.07 6.6
NI10 0.20 (0.20–0.20) 423 (396–449) 11 (10–12) 99.0 (92.0–105) 180 (180–180) 29 (28–29) 87 (86–88) 240 (230–240) – 14 0.006 5.5 0.11 3.7
NI11 1.0 (0.90–1.0) 16 (0.50–33) 9.0 (8.0–9.0) 58.0 (50.0–64.0) 160 (140–190) 32 (29–34) 29 (27–31) 870 (630–1300) b0.01 12 (9.0–14) 0.007 51 0.25 3.8
NI12 0.10 (0.10–0.10) 337 (330–343) 12 (12−12) 52.0 (50.0–54.0) 100 (94–110) 27 (24–29) 20 (20−20) 140 (120–150) – 6.0 0.004 0.8 0.08 6.7
NI13 0.20 (0.10–0.40) 311 (263–360) 20 (17–24) 57.0 (44.0–67.0) 84 (61–130) 23 (16–38) 28 (22–34) 120 (69–220) b0.01 12 (10−13) 0.01 3.9 0.30 12
NI14 1.0 (0.90–1.1) 362 (350–374) 14 (13–14) 136 (133–139) 120 (120−130) 29 (28–30) 81 (78–83) 260 (230–280) – 13 0.004 1.6 0.33 5.0
NI15 0.90 (0.10–1.4) 79 (34–117) 10 (1.0–15) 86.0 (28.0–118) 58 (30–73) 27 (10–35) 93 (26–130) 250 (98–340) 0.04 16 (16–16) 0.01 12 0.22 5.5
NI16 1.9 (0.30–3.5) 309 (52–525) 20 (13–24) 153 (108–178) 83 (52–110) 38 (28–47) 270 (35–480) 110 (30–160) – 50 0.004 6.5 0.55 8.4
NI17 0.30 (0.10–0.60) 611 (608–613) 27 (24–30) 225 (202–248) 22 (14–30) 30 (22–37) 22 (21−22) 130 (110–140) – 4.0 0.002 b0.05 0.11 10
NI18 0.10 (0.10–5.0) 922 (918–926) 26 (25–26) 1280 (1250–1300) 9.0 (8.0–9.0) 26 (24–27) 810 (800–820) 910 (890–930) – 9.0 0.004 b0.05 0.04 2.1
CIS1 40 (26–47) 2750 (2340–3130) 190 (170–220) 7270 320 108 12,000 440 1.2 110 0.08 1.0 0.41 2.7
CIS2 34 (31–37) 3000 (2930–3070) 190 (180–190) 7020 360 970 12,000 460 – 91 0.02 b0.05 0.09 2.6
CIS3 35 (27–46) 2440 (2280–2590) 170 (160–190) 5820 290 890 11,000 300 0.69 200 0.004 28 0.58 2.9
CIS4 3.4 (0.60–5.7) 477 (373–574) 80 (60–99) 1420 680 280 3200 1400 b0.01 15 0.003 50 0.61 3.5
CIS5 11 (11−11) 599 (597–601) 53 (51–54) 2160 840 290 4600 1100 – – 0.001 0.20 3.3 1.9
CIS6 7.7 (5.5–9.2) 569 (550–598) 43 (37–45) 593 90 92 910 190 0.04 6.0 0.02 22 0.36 6.5
CIS7 7.8 (6.8–9.4) 747 (720–774) 24 (23–24) 84.0 150 73 180 5.0 1.4 7.0 0.003 0.20 0.08 10
CIS8 6.6 410 (297–487) 43 (41–47) 365 500 230 160 2300 0.03 23 0.002 17 1.3 4.5
B 0.01 (0.01–0.02) 91 (85–96) 4.0 (3.0–4.0) 15.0 (13.0–16.0) 25 (24–25) 4.0 (4.0–4.0) 14 (11–16) 10 (6.0–13) – 4.0 (3.0–4.0) 0.005 0.04 0.002 8.2
LI mean 20 936 48 306 180 82 270 330 2.8 27 0.008 11 0.37 11
LI median 6.3 894 36 217 180 78 160 230 0.20 25 0.007 9.4 0.34 10
NI mean 0.90 289 14 140 130 14 120 350 0.03 12 0.007 11 0.24 5.6
NI median 0.50 261 12 67.0 120 28 33 260 0.01 10 0.004 2.6 0.20 4.9
CIS mean 18 1350 98 2980 370 480 5200 720 0.60 66 0.01 15 0.82 4.6
CIS median 9.3 661 57 1570 330 280 3300 440 0.40 23 0.005 7.9 0.38 3.3
PMS* mean 9.0 554 28 186 160 52 170 330 0.05 20 0.007 12 0.027 8.1
PMS* median 1.9 415 23 134 140 38 89 260 0.05 14 0.004 6.4 0.015 6.5
^LI1-W-LI4 = municipal-waste impacted, LI5-LI11 = industrial, construction and/or demolition waste-impacted, NI = non-impacted bores, CIS = bores screened in the Coode Island Silt, B = background bore.
“ – “ = not measured.
*Summary statistics for the Port Melbourne Sand (and Fill) aquifer (n= 28).
Note: data uniﬁed per compound to either 1, 2 or 3 signiﬁcant digits.
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Table 2
Standard and modiﬁed L/N ratios including PFOA and PFOA/∑PFAA results for twelve
bores.
Bore
ID
Mean standard L/N ratio*
(range in brackets)
Modiﬁed L/N
ratio
PFOA
(ng/L)
PFOA/∑PFAA
LI1-W 30 (28–31) 61 56 0.33
LI2-W 18 (15–21) 48 74 0.30
LI3 7.9 (6.9–9.9) 33 61 0.25
LI4 12 (11–14) 58 73 0.45
LI5 10 (9–11) 24 5.1 0.08
LI6-W 14 (12–15) 24 12 0.10
LI7 5.2 (4.8–5.6) 13 6.0 0.07
LI8 6.4 (5.9–6.9) 14 7.5 0.07
NI1 6.9 (6.2–7.4) 11 2.1 0.04
NI2 4.6 (4.1–5.0) 8.5 12 0.04
NI3 2.2 (2.1–2.5) 3.7 7.7 0.01
NI4 3.1 (1.1–4.4) 3.8 18 0.003
*Mulvey (1999).
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nia and potassium as the key leachate indicators in groundwater given
the time available for degradation (e.g. oxidation of ammonia to nitrate
in the unconﬁned aquifer where oxygen-rich conditions may be pres-
ent); 2) the presence of naturally occurring ammonia in the CIS fromor-
ganic matter breakdown (unrelated to landﬁll leachate – see
Section 4.1.1); and 3) the ability to differentiate between landﬁlls
which accepted municipal waste (likely to contain comparatively ele-
vated levels of ammonia related to the breakdown of putrescible or-
ganic waste) and those which accepted industrial, construction and/or
demolition waste (where lower levels of ammonia are expected due
to lower putrescible organic waste fractions; Kjeldsen et al., 2002). To
overcome these limitations, it was proposed that additional tracers of
leachate contamination in groundwater might be included within a
modiﬁed L/N ratio.
We therefore hypothesised that modiﬁcation of the standard L/N
ratio via the inclusion of PFOA/∑PFAA would improve the method's
ability to detect legacy leachate plumes (e.g. N30 years old) in ground-
water and possibly, enable differentiation between municipal waste
plumes versus other waste types (e.g. construction and demolition
waste). PFOA/∑PFAA was selected based on the ﬁndings presented in
Hepburn et al. (2019; discussed above) and also on strong to moderate
positive correlationswith conventional leachate indictors in groundwa-
ter; (log-transformed) ammonia-N (R2 = 0.69), bicarbonate (R2 =
0.54) and TOC (R2 = 0.51) (see Fig. S1, supplementary material). In ad-
dition, a one-wayAnalysis of Variance (ANOVA) revealed signiﬁcant dif-
ferences between samples collected from bores screened within or
immediately down-hydraulic gradient from known municipal landﬁlls
(n = 4) and the remaining sampled sites across the study area for
(log-transformed) PFOA and PFOA/∑PFAA (P ≤ .005). The modiﬁed L/
N ratio is therefore given by the equation:
‘Modified L=N ratio’ ¼ KþNH3ð Þ= Mgþ Caþ Nað Þ½ 
þ PFOA=
X
PFAA
 h i
 100 ð2Þ
Speciﬁcally, it was hypothesised that: 1) the use of themodiﬁed L/N
ratios would result in a statistically signiﬁcant difference between the
means of the leachate-impacted compared to the non-impacted bores
(and that when using the standard L/N ratios there would be no statis-
tically signiﬁcant difference between the means of these two sample
groups); 2) for leachate-impacted bores, statistically signiﬁcant in-
creases in the means of the modiﬁed compared to the standard L/N ra-
tios would be observed (and that for non-impacted bores there would
be no statistically signiﬁcant differences between means of the two ra-
tios); and 3) themodiﬁed L/N ratioswould bemore sensitive to ground-
water impacted by municipal landﬁlls, and as such enable greaterdifferentiation between municipal waste plumes and other waste
types, than would be possible using the standard L/N ratios.
3.3. Statistical analyses
ANOVA was used to analyse the signiﬁcance of differences in leach-
ate indicator concentrations among groups of samples collected in dif-
ferent seasons and across different waste types. t-tests were used to
compare standard L/N ratios with modiﬁed ratios (see Section 3.2).
For all datasets the assumption of normality was assessed using the
Shapiro-Wilk test (performed on the standardised residuals); where
the assumption failed the data were log-transformed and the residuals
re-tested. The assumption of homogeneity of variance was assessed
using the Levene Statistic; where the assumption failed the Welch test
was used to re-test the data. Only those data where these two assump-
tions were met were included in the ANOVA and t-tests. Pearson corre-
lation coefﬁcients were used to identify statistically signiﬁcant
relationships between PFAA and leachate indicators. All statistical anal-
yses were completed using the statistical package SPSS (IBM SPSS Ver-
sion 23.0).
4. Results and discussion
4.1. Concentrations and geographic distribution of leachate indicators in
groundwater
Eleven of the thirty-eight sampled bores showed evidence of leach-
ate impacts to groundwater (sample codes LI; Fig. 1 and Table 1) based
on elevated mean concentrations of ammonia-N (20 mg/L), potassium
(48 mg/L), bicarbonate (936 mg/L), total organic carbon (27 mg/L)
and dissolved methane (2.8 mg/L) relative to the median of the PMS
aquifer (Table 1). Mean concentrations of arsenic (0.008 mg/L), iron
(11mg/L) andmanganese (0.37mg/L) in these bores aswell as elevated
standard L/N ratios (mean L/N ratio = 11) also exceeded themedian of
the sand aquifer (Table 1). Within the landﬁll-impacted group, bores
installed directly or partly in waste material (sample codes contain LI-
W) contain measurable dissolved methane consistent with landﬁlls in
the methanogenic phase (Table 1). The remaining bores are inferred
to have had no or minimal impact from landﬁll leachate (sample
codes NI), however this is not certain and is re-examined in
Section 4.2 based on the calculation of the modiﬁed L/N ratios. Ground-
water from these bores contained considerably lower mean concentra-
tions of ammonia-N (0.90 mg/L), potassium (14 mg/L), bicarbonate
(289 mg/L), total organic carbon (12 mg/L) and dissolved methane
(0.03 mg/L), as well as variable metal concentrations and a low mean
standard L/N ratio of 5.6 (Table 1). The variability in metal concentra-
tions is due to additional sources ofmetals in groundwater in the region,
which include contaminated ﬁll and historical industrial activities
(Hepburn et al., 2018).
Eight bores screened directly or partially within the CIS (sample
codes CIS) showed elevated concentrations of most typical leachate in-
dicators (e.g. ammonia and methane), however this could also be asso-
ciated with natural organic matter degradation (see Section 4.1.1 for
further discussion). One background bore (B) screened in the PMS and
located in the north of the study area up-gradient fromany known land-
ﬁlls, contained the lowest mean concentrations of ammonia-N
(0.01 mg/L), potassium (4.0 mg/L), bicarbonate (91 mg/L) and total or-
ganic carbon (4.0 mg/L), as well as arsenic (0.005 mg/L), iron
(0.04 mg/L) and manganese (0.002 mg/L) (Table 1). These results indi-
cate that this bore is a reasonable representation of ambient background
(as deﬁned by Reimann and Garrett, 2005) groundwater conditions in
the study area.
Bores particularly elevated in leachate indicators (LI1-W, LI2-W, LI3
and LI4) are located in the western part of the study area and are
screenedwithin or immediately down-gradient from three legacy land-
ﬁlls, two of which are known to have accepted domestic (municipal)
1204 E. Hepburn et al. / Science of the Total Environment 666 (2019) 1198–1208waste between the 1930s and 1990s (Fig. 1). Mean concentrations of
ammonia-N (45 mg/L), potassium (69 mg/L), bicarbonate
(1190 mg/L), total organic carbon (41 mg/L), dissolved methane
(3.6mg/L) and arsenic (0.01mg/L) in these bores each exceeded the re-
spectivemedian concentrations in the PMS aquifer by at least a factor of
three (Table 1). In addition, standard L/N ratios for these bores (mean
= 16) exceeded the median of the PMS aquifer (median L/N ratio =
6.5) by at least a factor of 2 (Table 1 and Fig. 2). Bores LI1-W and LI2-
W are screened directly in waste, with a mix of plastic, metal, glass,
polystyrene foam, treated wood, creosote, slag and bricks present to
the base of each bore. Elevated concentrations of dissolvedmethane de-
tected in the groundwater at bores LI1-W (3.9 mg/L) and LI2-W
(10.4 mg/L) and low mean concentrations of sulfate in these bores (36
and 9.0 mg/L, respectively) indicate on-going, in-situ methane genera-
tion from these municipal landﬁlls.
In contrast, bores LI5 to LI11 are located in the central part of the
study area and are screened within or immediately down-gradient
from unregulated legacy landﬁlls (as discussed in Section 2 above),
which likely accepted construction, demolition and/or general indus-
trial waste (as opposed to municipal waste) (Dames and Moore, 1999;
AECOM, 2015, 2016, Fig. 1). Mean concentrations of leachate indicators
in these bores typically exceeded the respective median concentrations
in the PMS aquifer by a factor of two, however themean concentrations
and ranges are lower than those associated with municipal waste, forFig. 2.Map of the Fishermans Bend urban re-development precinct (black lines); legacy lan
polygons) are distinguished from municipal legacy landﬁlls (red polygons). Standard leachate
(in purple) are included for 12 selected bores. Results of statistical analyses comparing the staexample the mean concentrations in groundwater for bores LI5 to LI11
are: ammonia-N (5.6 mg/L), potassium (36 mg/L), bicarbonate
(793 mg/L), total organic carbon (18 mg/L) and dissolved methane
(2.5 mg/L). Standard L/N ratios for these bores ranged from 5.2 to 14
(mean= 8.4), which is only slightly above themedian of the PMS aqui-
fer (Table 1 and Fig. 2). Elevated concentrations of dissolved methane
detected in the groundwater at bores LI6-W (8.3 mg/L) and LI10-W
(7.6 mg/L) and low mean sulfate concentrations (2.3 and 6.3 mg/L, re-
spectively) indicate on-going, in-situ methane generation from these
unregulated landﬁlls. Both of these bores are screened throughmaterial
such as bricks and gasworks waste, with hydrocarbon odours and black
staining present in LI10-W. The presence of ammonia and methane in
these bores also indicates that whilst these landﬁlls did not ofﬁcially ac-
ceptmunicipal waste, there was likely some disposal of putrescible ma-
terial, in addition to the disposal of industrial, construction and
demolitionwaste. Further data and analysis of trends related to conven-
tional leachate indicators in groundwater at Fishermans Bend is avail-
able from AECOM (2016).
A one-way ANOVA revealed signiﬁcant differences between bores
impacted by municipal waste versus those inferred to be impacted by
industrial, construction and/or demolition waste (Fig. 2) for (log-trans-
formed) concentrations of total organic carbon, bicarbonate, chloride
and arsenic, as well for standard L/N ratios (P ≤ .05). This is consistent
with research showing that landﬁlls which accepted industrial,dﬁlls inferred to have accepted industrial, construction and/or demolition waste (green
to native (L/N) cation ratios (in black) are included for all bores, and modiﬁed L/N ratios
ndard versus modiﬁed L/N ratios are provided in Section 4.2.
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levels of typical municipal leachate indicators, due to lower organic
waste fractions (Kjeldsen et al., 2002).
4.1.1. Natural vs landﬁll derived contaminants
An additional source of ammonia, methane and total organic carbon
to groundwater in this region is the sediment which comprises the CIS,
where a highly anoxic environment drives the degradation of organic
matter and natural generation of ammonia and methane (Neilson,
1992). As a result, bores screened directly in the CIS (CIS1, CIS2, CIS3 –
see Fig. 1) contain elevated mean concentrations of ammonia-N
(36 mg/L), total organic carbon (140 mg/L) and dissolved methane
(1.0 mg/L) (Table 1). In addition, the geochemistry of the CIS has been
heavily inﬂuenced by interaction with ocean water present as a saline
wedge at the base of the adjacent, tidally-driven Yarra River (EPA
Victoria, 2013). This is clearly demonstrated in bores CIS1, CIS2 and
CIS3 which are located within 300 m of the river and contain saline
groundwater (mean TDS = 19,740 mg/L) and molar ratios consistent
with ocean water composition (Appelo and Postma, 2005). Elevated
mean concentrations ofmajor ions such as potassium (180mg/L), bicar-
bonate (2670mg/L) and sulfate (380mg/L) relative to themedian of the
PMS aquifer are therefore also present in these bores. Analysis of the
standard L/N ratios in bores CIS1, CIS2 and CIS3 distinguishes these con-
taminants as being natural, rather than landﬁll-derived; L/N ratios for
these bores (mean = 2.8, range: 2.6–2.9) are much lower than those
calculated for the landﬁll-impacted bores (mean = 11, range: 5.2–30)
(Table 1 and Table S2).
In contrast, bores CIS7 and CIS8 (see Fig. 1) are screened in transi-
tional material at the base of the PMS (e.g. sandy clay or clayey sand)
and showmolar ratios more consistent with the sand aquifer. However,
mean elevated concentrations of ammonia-N (7.2 mg/L), total organic
carbon (15 mg/L) and bicarbonate (579 mg/L) relative to the median
of the PMS aquifer, as well as brackish salinity (mean TDS =
2057 mg/L) in these bores suggest some interaction with groundwater
from the CIS (Table 1). This may be particularly evident in the north
east of the study area where the two units are lateral equivalents
(Holdgate and Norvick, 2017). L/N ratios for bores CIS7 and CIS8 were
10 and 4.5, respectively, indicating consistency with ratios detected in
non-impacted bores within the PMS aquifer (Table 1 and Table S2).
4.2. Revised leachate detection method
Four bores impacted by municipal waste (LI1-W to LI4), four in-
ferred to be impacted by industrial, construction and/or demolition
waste (LI5 to LI8), and four non-impacted bores (NI1 to NI4) were fur-
ther selected to sample for sixteen PFAA to investigate any correlations
between these chemicals and landﬁll leachate impacts (e.g., Hamid
et al., 2018). Modiﬁed L/N ratios (as discussed in Section 3.2) for these
twelve bores were subsequently calculated and are presented in
Table 2 including the standard L/N ratios and PFOA and PFOA/∑PFAA
results (all PFAA data available in Table S2).
An independent samples t-test revealed signiﬁcant differences be-
tween the means of the leachate-impacted versus the non-impacted
bores using the modiﬁed L/N ratio (p = .006), whereas no signiﬁcant
differences were found between the means of the two groups using
the standard L/N ratio (p = .063). This highlights the value of the
new, modiﬁed ratio (beyond typical existing indicators) to more sensi-
tively differentiate between leachate-impacted and non-impacted
groundwater. In addition, a paired samples t-test revealed signiﬁcant
differences in the mean of the modiﬁed L/N ratios (mean= 33.6) com-
pared to the mean of the standard L/N ratios (mean = 13.0), for the
eight bores clearly known to be impacted by landﬁll leachate (p =
.005). In contrast, no signiﬁcant differences between the means of the
two ratio types were observed for the four non-impacted bores (p =
.08). These data indicate that incorporation of PFOA/∑PFAA into the
L/N ratio serves to amplify the leachate signature in the groundwater,making more sensitive detection of such impacts easier in locations
where multiple contamination sources and overlapping plumes may
co-exist, and/or where standard L/N ratios are not as clearly distinct in
leachate and non-leachate impacted groundwater. The relative persis-
tence of PFOA in such settings may also relate to the degradation of var-
ious PFAA precursors (e.g. 8:2 telomers) to PFOA after disposal to
landﬁll (Hamid et al., 2018). It is noted that this process may also
occur within groundwater impacted by other PFAA sources, therefore,
where groundwater is impacted by multiple over-lapping plumes (in-
cluding from legacy landﬁlls), the use of the modiﬁed L/N ratio in con-
junction with other tools (e.g. conventional leachate indictors) and
multiple lines of evidence for source delineation,maybe required. In ad-
dition, where relatively young (or currently operational) landﬁlls are
present within a study area, replacement compounds such as
perﬂuorobutanoic acid (PFBA) and perﬂuorobutane sulfonate (PFBS)
may be more likely to occur in higher concentrations than PFOA and
PFOS; in these instances, alternative ratios such as PFBA/∑PFAA should
be investigated and tested in conjunction with the modiﬁed L/N ratio.
To visually communicate the results of the statistical analyses de-
scribed above, the standard andmodiﬁed L/N ratios are graphically pre-
sented by waste type in Fig. 3. The four non-impacted bores typically
plot along the 1:1 line highlighting the lack of signiﬁcant differences be-
tween themeans of the two ratios for these bores (p= .08, as described
above). In contrast, the leachate-impacted bores all plot above the 1:1
line highlighting the signiﬁcant differences found between the means
of the two ratios (p= .005, as described above) and showing that the
modiﬁed L/N ratios are much higher (mean = 33.6) than the standard
L/N ratios (mean = 13.0). This again shows that incorporation of
PFOA/∑PFAA into the L/N ratio serves to amplify the leachate signature
in the groundwater (in particular for bores impacted by municipal
waste; see further analysis below).
With respect to waste type in the legacy landﬁlls, an independent
samples t-test also revealed signiﬁcant differences between the means
of the bores impacted by municipal waste versus those inferred to be
impacted by industrial, construction and/or demolition waste using
the modiﬁed L/N ratios (p= .003), whereas no signiﬁcant differences
were found between the means of the two groups using the standard
L/N ratios (i.e., those not including PFOA/∑PFAA ratios) (p = .163).
In addition, the range of modiﬁed L/N ratios for the four bores impacted
by municipal waste (range: 33–61, mean = 50, relative percent differ-
ence (RPD)= 60%) was less variable than the range of the standard ra-
tios for the same bores (range: 7.9–30, mean = 17, RPD = 118%). The
modiﬁed L/N ratio range for the four bores inferred to be impacted by
industrial, construction and/or demolition waste (range: 13–24, mean
= 17, RPD = 63%) was also less variable than the standard ratio range
(5.2–14, mean = 8.9, RPD = 91%). These results indicate that incorpo-
ration of PFAA into the standard method helps to more sensitively dif-
ferentiate groundwater impacted by different waste types; a task
which may be particularly challenging in areas of mixed land-use
where multiple legacy landﬁlls exist, and historical records are unavail-
able. Such knowledge may be critical for risk assessment purposes
within urban re-development precincts, given that municipal landﬁlls
typically generate higher concentrations of conventional leachate indi-
cators (see Section 4.1; Kjeldsen et al., 2002) resulting in potentially
higher risks to nearby residents (e.g.methane leaks to homes or impacts
to drinking water). In contrast, landﬁlls which accepted industrial, con-
struction and/or demolition waste have different but nonetheless still
potentially signiﬁcant risks; for example, Gallen et al. (2017) showed
that operating landﬁlls with higher proportions of construction and de-
molition waste had on average, higher levels of all PFAS (except
perﬂuorododecanoate (PFDoDa)).
For the non-impacted bores (N1-N4) the differences between the
standard and modiﬁed ratios were typically minimal; for example, at
NI4 the mean standard ratio was 3.1 and the modiﬁed ratio was 3.8
(RPD = 8%), highlighting the lack of leachate impact to groundwater
at this location. However, the difference between the two ratios for
Fig. 3.Graph showing standard leachate to native (L/N) cation ratios on the x-axis andmodiﬁed L/N ratios on the y-axis, as against the 1:1 line (grey dashed line); non-impacted bores plot
closer to the 1:1 line indicating no signiﬁcant differences between the two ratios, whereas leachate-impacted bores plot above the 1:1 line showing that the modiﬁed ratios are much
higher than the standard ratios for these bores.
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the modiﬁed ratio was 11 (RPD = 47%). Despite the low standard L/N
ratio and low concentrations of leachate indicators in this bore (e.g.
mean concentrations of ammonia-N and potassium = 2.9 and
16 mg/L, respectively), the more sensitive modiﬁed ratio suggests that
landﬁll leachate may in fact be the source of these contaminants (and
that this would otherwise not be detected using conventional indica-
tors); a plausible scenario given its proximity to various legacy landﬁlls
(Fig. 2).
Overall, the statistically signiﬁcant results of these analyses demon-
strate that the newmodiﬁed index allows for signiﬁcantly clearer iden-
tiﬁcation of landﬁll-related groundwater contamination than would
otherwise be possible with the existing method. In addition, the more
sensitivemodiﬁed index also potentially allows for clearer identiﬁcation
of impacts from landﬁlls with a relatively low putrescible waste compo-
nent (e.g. those which accepted industrial, construction and/or demoli-
tion waste), as distinct from municipal landﬁlls. As ammonia and other
conventional leachate indicators are limited in these types of landﬁlls
(Kjeldsen et al., 2002), a metric that can be used to delineate impacts
from these landﬁlls may prove valuable in complex, urban areas under-
going signiﬁcant re-development. Future research involving this new
modiﬁed index in similar urban settingswould beneﬁt from larger sam-
ple sizes and multiple sampling rounds conducted over different sea-
sons (see below) to strengthen these ﬁndings.
4.3. Seasonal variability in groundwater composition
Standard leachate indicator concentrations in groundwater sampled
from three impacted bores (LI3, LI4 and LI6-W)were analysed over four
consecutive sampling campaigns to investigate temporal variability in
response to seasonal dynamics (Fig. 4 and Table S3, supplementaryma-
terial). It is noted that repeat sampling of PFAA was not able to be con-
ducted due to time constraints and that future research which assesses
seasonal variability in the modiﬁed L/N ratios would therefore be valu-
able. For most indicators, the highest mean concentrations occurred in
autumn (e.g. potassium = 53 mg/L, bicarbonate = 1050 mg/L, TDS =
1998 mg/L and sulfate = 361 mg/L) when mean groundwater levelswere lowest (0.39 mAHD). In contrast, the lowest mean concentrations
typically occurred in late winter (e.g. potassium= 36 mg/L and TDS =
1393 mg/L) or spring (e.g. bicarbonate = 928 mg/L and sulfate =
175 mg/L) when mean groundwater levels were highest (0.59 and
0.50 mAHD, respectively). Mean ammonia-N concentrations were rea-
sonably consistent across the seasons (typical range: 12–16 mg/L) ex-
cept for a rapid decrease to 9.0 mg/L in early winter. Similarly, mean
standard L/N ratios were reasonably consistent (range: 10–13) but
were comparatively lower in winter. A signiﬁcant moderate negative
correlation between groundwater level and TDS suggests active re-
charge and freshening of the groundwater by rainfall inﬁltration (R2
= 0.42, p b .05). These results are consistent with studies undertaken
in similar settings (e.g. Lee et al., 2006) and suggest that lower PET
and higher rainfall inﬁltration in winter are inﬂuencing the groundwa-
ter composition by dilution, mixing and/or lateral ﬂushing of contami-
nants through the PMS aquifer towards discharge zones.
Seasonal patterns were also identiﬁed in the concentrations of vari-
ous metals in groundwater (arsenic, iron, lead, manganese, nickel and
zinc). This appears to be largely related to the process of dilution as
well as variability in pH (for lead, nickel and zinc) and ORP (arsenic,
iron and manganese) (see Fig. 4). Sources and behaviour of metals in
groundwater from the region are not the focus of this study and are fur-
ther discussed in Hepburn et al. (2018).
Given the inﬂuence of seasonal dynamics on groundwater composi-
tion, the outcome of regulatory-driven assessments (e.g. for groundwa-
ter quality) may vary depending on the date of sampling. These results
therefore highlight the importance of conducting multiple sampling
rounds over different seasons, to gain a thorough understanding of the
mechanisms driving any observed variability in groundwater composi-
tion surrounding legacy landﬁlls. Where seasonal ﬂuctuations in com-
position are apparent, management options may need to be tailored
to each landﬁll (Mukherjee et al., 2015).
5. Conclusions
Characterising the impacts to groundwater from legacy landﬁlls lo-
cated within large urban re-development precincts is of growing
Fig. 4. Bar charts showingmean landﬁll leachate indicator concentrations andmean standard leachate to native (L/N) cation ratios for three landﬁll-impacted bores across four seasons. For
most indicators the highest mean concentrations occurred in autumn (when groundwater levels were lowest) and the lowest mean concentrations occurred in winter/spring (when
groundwater levels were highest), suggesting seasonal inﬂuences on groundwater composition.
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Using Australia's largest urban re-development precinct as a study
area, we developed a new and sensitive index for identifying impacts
on groundwater from legacy landﬁlls in a setting where multiple con-
taminant sources and complex land use histories exist. The new index
incorporates perﬂuoroalkyl acids (PFAA) (speciﬁcally as PFOA∑PFAA)
into an existing method based on conventional leachate indicators (‘L/
N ratios’).
Statistically signiﬁcant differenceswere found between themeans of
leachate-impacted versus non-impacted bores using the modiﬁed L/N
ratio, compared to no signiﬁcant differences between the means of the
two groups using the existing ‘standard’ L/N ratio. The modiﬁed L/N ra-
tios also showed a statistically signiﬁcant difference between different
landﬁll types; bores within or immediately down-gradient from land-
ﬁlls that accepted municipal waste contained signiﬁcantly higher indi-
cator concentrations and L/N ratios than landﬁlls which accepted
industrial, construction and/or demolition waste. The modiﬁed ratios
for these bores also served to decrease the variability of ratios within
waste types, thus accentuating the distinction between waste types.
These results indicate that the modiﬁed index is a muchmore sensitive
indicator of both the existence and type of landﬁll leachate impact on
groundwater than previously reported.
Seasonal dynamicswere shown to inﬂuence groundwater geochem-
istry and contaminant concentrations surrounding legacy landﬁlls.
These results highlight the importance of long-term data monitoring
over different seasons to gain a comprehensive understanding of the
mechanisms driving any observed variability in local groundwater com-
position; subsequently, management options would need to be tailored
to each landﬁll. For this reason, any future research involving the new
modiﬁed index for leachate detection in groundwater would beneﬁt
from both larger sample sizes and multiple sampling rounds conductedover different seasons, to strengthen the ﬁndings presented in this
paper.
Overall, we demonstrate via statistical analyses that a newmodiﬁed
index for leachate detection in groundwater allows for signiﬁcantly
clearer identiﬁcation of landﬁll-related contamination than would oth-
erwise be possible with an existing method. In addition, the modiﬁed
index also potentially allows for clearer identiﬁcation of impacts from
landﬁlls with a relatively low putrescible waste component, as distinct
from municipal landﬁlls. As ammonia and other conventional leachate
indicators are limited in these types of landﬁlls, a metric that can be
used to delineate impacts on groundwater from these types of landﬁlls,
is valuable. The new, more sensitive index may be replicable within
analogous urban precincts where groundwater contamination is wide-
spread and delineation from multiple sources, including different
types of legacy landﬁlls, may be critical for re-development.Acknowledgements
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4.4 Evidence	of	Natural	Attenuation	of	Leachate‐Impacted	Groundwater	
 
4.4.1 Introduction	
 
To better understand the processes governing natural attenuation of leachate‐impacted groundwater 
in the Port Melbourne Sand / Fill aquifer, mass fluxes of ammonia‐N in groundwater down‐gradient 
from one legacy landfill were estimated per season, according to the methodology outlined in ITRC 
(2010).  The  landfill was  selected  based  on  the  presence  of  bores within  and  immediately  down‐
hydraulic gradient from the landfill cell (Figure 4‐1). The source of the ammonia‐N in groundwater was 
assumed to be the landfill, based on previously presented work (see Publications Two and Three). 
Given the observed seasonal variability  in ammonia‐N concentrations  in groundwater (described  in 
Section 4.3 of Publication Three), and the extended period of time since landfill closure (i.e. decades; 
see Section 2 of Publication Three), the following outcomes were hypothesised; 1) that the total mass 
flux  of  ammonia‐N  in  groundwater  would  be  highest  in  autumn  when  hydraulic  gradients  and 
ammonia‐N concentrations were highest, due to climatic conditions); and 2) that the total mass flux 
of ammonia‐N  in May 2016 and May 2017 would be similar, reflecting  the on‐going nature of  the 
source.  
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Figure 4‐1 Map of the area where mass flux estimates were undertaken, including the locations of three 
transects positioned perpendicular to groundwater flow direction, down‐gradient from a legacy landfill located 
within the Fishermans Bend urban re‐development precinct. 
4.4.2 Method	
 
Curvilinear  transects  (reflecting  non‐parallel  flow  lines) were  created  using  both  bores  (n=6)  and 
isopachs where data gaps existed (based on the kriging interpolation method) to define the full width 
and  thickness  of  the  ammonia‐N  plume within  the  Port Melbourne  Sand  /  Fill  aquifer. Hydraulic 
gradients were calculated along a single flow  line between bores LI6‐W and NI3 (i.e. across the full 
lateral extent of the plume), and were applied to each transect. Aquifer hydraulic conductivity (K) was 
estimated  by  field  slug  tests  conducted  in  five  bores  (LI6,  LI7,  LI8, NI3  and NI5) within  the  Port 
Melbourne  Sand  /  Fill aquifer by  inserting a 2  L  slug  into each bore and  recording  the  change  in 
hydraulic head every second using groundwater level loggers (InSituTM). Two tests were performed at 
each bore and K values were then calculated using Hvorslev’s (1951) method: 
K = r2In(Le/r’)/2Let0.37    (1) 
where r is the radius of the well casing, r’ is the radius of the well screen, Le is the length of the well 
screen, and t0.37 is the time at which the drawdown ratio equals 0.37. Details of these parameters and 
results of the slug tests are presented in Table 4‐1 and Figure 4‐2 and are also referenced earlier in 
Chapter 3. The total mass flux across each transect was calculated using the mean K value estimated 
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for each bore. In addition, one slug test was conducted in a bore screened within the Coode Island Silt 
(CIS1). Only one test was performed at this bore as the recovery period was much longer. Details of 
these results are also presented in Table 4‐1 and Figure 4‐2.  
To evaluate and quantify the degree of ammonia‐N attenuation, the total mass flux for ammonia‐N in 
groundwater was calculated for four time periods across three transects located immediately adjacent 
to the landfill cell (transect 1), and 250 m and 420 m down‐gradient from the landfill (transects 2 and 
3, respectively; see Figure 4‐1). A detailed  list of  input parameters for the mass flux calculations  is 
provided in Table 4‐2. 
Table 4‐1 Values used in equation 1 to calculate hydraulic conductivity (K) values 
Bore 
ID 
Lithology at 
screen 
Bore screen 
length (Le) (m) 
Bore casing 
radius (r) (m) 
Bore screen 
radius (r’) (m) 
Test No.  t0.37 
(secs)* 
K 
(m/day) 
LI6  Landfill  
waste 
2.0  0.025  0.06  1  28.6  1.7 
2  28.3  1.7 
LI7  Landfill  
waste + PMS 
2.1  0.025  0.06  1  2.6  17 
2  3.9  12 
LI8  PMS  1.8  0.025  0.06  1  3.5  15 
2  2.5  21 
NI3  PMS  1.4  0.025  0.06  1  11.5  5.3 
2  6.3  9.7 
NI5  PMS  1.5  0.025  0.06  1  2.8  20 
2  2.5  23 
CIS1  CIS  2  0.025  0.06  1  13228  0.003 
*t0.37 values are calculated from the charts in Figure 4‐2.   
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Figure 4‐2 Slug test charts showing the ratio of the drawdown in groundwater head (H) to the initial 
groundwater head in the bore at t0 (H0) during the test; exponential equations for the line of best fit (used to 
calculate t0.37) and R2 values are displayed on each chart. 
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Table 4‐2 Input parameters for mass flux calculations based on physical bores and interpolated points (code IP) 
      Transect 1  Transect 2   Transect 3 
      IP1  LI7  LI6  IP2  IP3  NI5  LI8  NI9  IP4  IP5  NI3  IP6 
General 
parameters 
Distance from source (m)  0  250  420 
Length of transect (m)  920  800  815 
Distance from start of transect (m)  0.03  440  650  920  0.03  235  515  800  0.03  155  415  815 
Mid‐point of screen (m bgs)  3.4  3.4  3.4  3.4  3.3  3.3  3.3  3.3  3.3  3.3  3.3  3.3 
Plume bottom (m bgs)  7.0  6.3  5.7 
SPRING 
(NOVEMBER 
2015) 
i(uniform)  0.0014  0.0014  0.0014 
Min K (m/day)   12  12  1.7  15  20  20  15  15  15  15  5.3  5.4 
Max K (m/day)   18  18  1.7  21  23  23  21  21  21  21  9.7  9.7 
Mean K (m/day)   15  15  1.7  18  22  22  18  18  18  18  7.5  7.5 
Plume top (‘depth to water’) (m bgs)  2.6  2.9  2.3  2.8  2.4  2.5  2.9  2.7  2.4  2.5  2.5  2.8 
Ammonia‐N conc. (mg/L)  2.00  5.80  5.52  1.60  1.20  0.64  4.71  0.20  0.80  0.65  0.31  0.60 
AUTUMN 
(MAY 2016) 
i(uniform)  0.0014  0.0014  0.0014 
Min K (m/day)   12  12  1.7  15  20  20  15  15  15  15  5.3  5.4 
Max K (m/day)   18  18  1.7  21  23  23  21  21  21  21  9.7  9.7 
Mean K (m/day)   15  15  1.7  18  22  22  18  18  18  18  7.5  7.5 
Plume top (‘depth to water’) (m bgs)  2.7  3.0  2.4  2.8  2.5  2.5  3.0  2.9  2.4  2.5  2.6  3.0 
Ammonia‐N conc. (mg/L)  2.15  6.16  7.17  2.20  1.20  0.62  4.41  0.50  0.75  0.85  0.10  0.60 
EARLY 
WINTER 
(JUNE 2016) 
i(uniform)  0.0013  0.0013  0.0013 
Min K (m/day)   12  12  1.7  15  20  20  15  15  15  15  5.3  5.4 
Max K (m/day)   18  18  1.7  21  23  23  21  21  21  21  9.7  9.7 
Mean K (m/day)   15  15  1.7  18  22  22  18  18  18  18  7.5  7.5 
Plume top (‘depth to water’) (m bgs)  2.6  3.0  2.4  2.7  2.4  2.6  3.0  2.8  2.2  2.4  2.5  2.9 
Ammonia‐N conc. (mg/L)  1.60  4.85  4.05  1.40  1.20  2.20  3.15  0.40  1.35  1.47  0.09  0.40 
AUTUMN 
(MAY 2017) 
i(uniform)  0.0012  0.0012  0.0012 
Min K (m/day)   12  12  1.7  15  20  20  15  15  15  15  5.3  5.4 
Max K (m/day) (uniform)  18  18  1.7  21  23  23  21  21  21  21  9.7  9.7 
Mean K (m/day) (uniform)  15  15  1.7  18  22  22  18  18  18  18  7.5  7.5 
Plume top (‘depth to water’) (m bgs)  2.5  2.7  2.2  2.6  2.3  2.3  2.8  2.7  2.2  2.2  2.3  2.7 
Ammonia‐N conc. (mg/L)  1.55  4.93  5.82  1.70  1.00  0.86  4.34  0.30  0.60  0.60  0.01  0.55 
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A detailed list of the assumptions associated with the mass flux estimations are provided 
below. It was assumed that: 
 the thickness of the Port Melbourne Sand aquifer (including fill) at LI6 (i.e. start of the 
plume) is approximately 7 m, based on bores included in a recent study examining the 
thickness of the geological units at Fishermans Bend (Holdgate and Norvick, 2017); 
 given the observed thickness of the Port Melbourne Sand aquifer (including fill) is 3 m 
at bore LI10 (further west of the mass flux study area – see Figure 1 of Publication Three; 
this result is also consistent with the Holdgate and Norvick (2017) study), it is reasonable 
to assume a gradual decrease in thickness from 7 m at LI6 to 3 m at LI10. The ‘plume 
bottoms’ (see Table 4‐2) for each transect have been estimated accordingly, based on 
these recorded depths; 
 the bulk of the landfill cell is present to the west of LI6 at depths of up to 7 m below 
ground  surface  (based  on  fill  descriptions  in  section  3.4  of  an  environmental  audit 
report  completed by Dames and Moore, 1999), with  some evidence  that  the waste 
extended  to  LI6  and  partly  to  LI7  (based  on  waste  materials  observed  in  these 
boreholes). The landfill cell is in contact with the Port Melbourne Sand unit; 
 interpolation using the kriging method of the ammonia‐N concentrations and ‘depth to 
water’  levels  at  the  interpolated  points  are  reasonable  representations  of  the  true 
values at these locations; 
 the locations chosen for the interpolated points (code ‘IP’) extend a sufficient distance 
so  that  the  entire plume  is bounded by non‐detect points.  In  this  case,  the  lowest 
ammonia‐N concentrations for IP1 and IP2 were 1.55 and 1.40 mg/L, respectively; these 
concentrations are clearly not non‐detects, however given the complexity of the region 
in  terms of potential contaminant sources,  these  low concentrations are considered 
reasonable representations of the edge of the plume; 
 using the log transformation as a method of interpolation between bores (and between 
the  interpolated  points)  provides  reasonable  accuracy  of  the  spatial  occurrence  of 
ammonia‐N concentrations, depth to water levels, and K values; and 
 the single‐screened bores used in this study remain useful for mass flux estimates (i.e. 
in place of multi‐screened bores). Samples were typically collected from the mid‐point 
of the bore screen and as such the calculations were two‐dimensional only. However, 
in May 2017 samples from multiple depths within the screened intervals of bores LI7 
and LI8 were collected and ammonia‐N concentrations were within 5% and 2% in these 
bores, respectively. These results, along with the relatively homogenous nature of the 
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aquifer material and the relatively small thickness of the aquifer at this location (< 7 m), 
provide  confidence  in  the use of  single‐level  sampling which  assumes homogenous 
contaminant concentrations within each bore. 
4.4.3 Results	and	discussion	
 
The groundwater redox conditions typically responsible for attenuation processes involving the 
transformation of contaminants into less mobile and/or harmful species were identified in the 
order  of  increasing  distance  from  the  landfill  as:  sulphate  reducing  (coupled  with 
methanogenesis), iron reducing, manganese reducing and finally aerobic conditions (Figure 4‐
3; Bjerg et al., 1995; Christensen et al., 2001). These results, along with decreasing  leachate 
indicator concentrations  (e.g. ammonia, potassium and bicarbonate) with distance  from  the 
landfill (as shown in Table 1 of Publication Three), suggest that the Port Melbourne Sand unit is 
potentially providing some attenuation capacity for the ammonia‐N that is discharging from the 
legacy landfill’s waste.  
 
Figure 4‐3 Cross‐section through the Port Melbourne Sand aquifer showing the spatial distribution of 
redox zones down‐gradient from a legacy landfill 
The total mass flux results for ammonia‐N are shown in Table 4‐3 and ranged between 167 and 
240 g/day along transect 1, decreasing to between 121 and 139 g/day along transect 2, and 
decreasing again to between 15 and 34 g/day along transect 3, suggesting at least one order of 
magnitude of attenuation over the relatively short distance of 420 m.  
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Table 4‐3 Total mass flux results for ammonia‐N in groundwater across three transects and four time 
periods 
  Total mass flux of ammonia‐N per season across each transect (g/day)* 
  Spring (November 
2015) 
Autumn  
(May 2016) 
Early Winter (June 
2016) 
Autumn  
(May 2017) 
Transect 1  219 (178 – 259)  240 (196 – 284)  167 (136 – 198)  168 (138 – 199) 
Transect 2   138 (119 – 158)  132 (113 – 151)  139 (123 – 155)  121 (104 – 123) 
Transect 3   20 (16 – 24)  20 (16 – 23)  34 (28 – 40)  15 (12 – 17) 
* calculated using mean K values estimated for each bore (range in brackets calculated using low and high K estimates for each 
bore) 
The mass flux results for ammonia‐N in groundwater (Table 4‐3) provide further evidence of the 
feasibility of  the Port Melbourne Sand aquifer  to naturally attenuate ammonia‐N associated 
with  emanating  leachate  from  this  landfill.  Attenuation  of  ammonia‐N  (and  other  landfill 
leachate‐derived  contaminants)  in  groundwater  can  take  place  via  several  different 
mechanisms.  For  example,  degradation  of  the  contaminants  can  occur  via  transformation 
through chemical reaction to other species; for instance, ammonia will degrade to nitrate (NO3‐
) in the presence of dissolved oxygen and may then undergo denitrification to N2 in the absence 
of  dissolved  oxygen  and  in  the  presence  of  organic  carbon  (Appelo  and  Postma,  2005). 
Anaerobic oxidation of ammonium is also an important potential mechanism for degradation in 
the  absence  of  oxygen  (Christensen  et  al.,  2009).  Additional  attenuation  mechanisms  for 
ammonia‐N  (and  other  landfill  leachate‐derived  contaminants)  in  groundwater  include 
immobilisation  through  the  process  of  sorption/retardation  and  simple  dilution  with  un‐
impacted groundwater and/or fresh recharge water (Appelo and Postma, 2005).  
Based on the available chemical data the most likely mechanism for attenuation of ammonia‐N 
in groundwater within the study area is degradation (via chemical transformation). For example, 
slight  increases  in nitrate concentration and dissolved oxygen with distance from the  landfill 
suggest the possible replacement of ammonia‐N with nitrate down‐gradient from the  landfill 
(Figure 4‐3). The attenuation of ammonia‐N observed within the study area at Fishermans Bend 
is possibly driven by the presence of organic carbon in the aquifer, which has been measured in 
higher  concentrations  in  groundwater  impacted  by  legacy  landfills  (mean  TOC  =  27 mg/L, 
median = 25 mg/L), compared to unimpacted groundwater (mean TOC = 12 mg/L, median = 10 
mg/L) (as shown in Table 1 of Publication Three).  
Based on the findings above, the environmental risk of ammonia‐N to the closest groundwater 
discharge point, in this case a sewer located a further 260 m down‐gradient from transect 3, is 
therefore  likely to be minimal. However, consideration of a scenario  in which sewer repair  is 
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undertaken, and groundwater and contaminant flow revert to a topography‐driven drainage 
path, may be required, warranting mass flux estimates for new and potentially sensitive down‐
gradient receptors, such as the nearby Yarra River.  
In terms of seasonal variability, the highest total mass  fluxes were generally observed when 
ammonia‐N concentrations and hydraulic gradients were highest; this occurred in autumn (May 
2016) for transect 1 and in early winter (June 2016) for transects 2 and 3 (i.e. prior to the onset 
of winter  rainfall  and  lower  PET  conditions).  These  results  indicate  an  ongoing  continuous 
source of contamination from the landfill ‐ at least over the period of monitoring. The lowest 
total  mass  fluxes  were  typically  observed  in  the  following  autumn  (May)  of  2017,  when 
ammonia‐N  concentrations  and  hydraulic  gradients  were  generally  lowest.  These  results 
indicate an overall reduction in the total mass flux of ammonia‐N along each transect over time, 
despite seasonal fluctuations; however, a larger number of mass flux estimations over a longer 
period would be necessary  to  confirm  any  significant decreasing  trend  (e.g. Regadio  et  al., 
2012). 
One implication of the observed seasonal water table fluctuations may be to distort the redox 
zones evident within the aquifer (Figure 4‐3) and hence the effectiveness of natural attenuation 
(Cozzarelli et al., 2011). For instance, temporal groundwater level fluctuations were found by 
Han et al. (2014) to have a great  influence on plume migration (e.g. unpredictable spreading 
patterns)  beneath  a  landfill  by  controlling  vertical  hydraulic  gradients  and  fluxes,  despite 
homogenous aquifer conditions. Given the seasonal fluctuations  in groundwater  level within 
the Port Melbourne Sand and the homogeneity of the aquifer material, similar distortions to 
redox zones could theoretically be occurring and may be partly responsible for the persistence 
of  impacts  to groundwater via  the disruption of natural attenuation. Again, a  larger dataset 
collected  over  a  longer  timescale,  including  multi‐level  sampling  within  bores,  would  be 
required to accurately investigate this phenomenon. 
4.4.4 Conclusion	
 
Overall, reduction‐oxidation zones, chemistry data (e.g. nitrate concentrations) and total mass 
flux estimates for ammonia‐N in groundwater down‐gradient from one legacy landfill suggest 
the Port Melbourne Sand unit  is providing attenuation capacity for ammonia‐N derived from 
the emanating leachate. The study also shows that impacts to groundwater from legacy landfills 
can persist  long  after  landfill  closure, despite decades of potential natural  attenuation  and 
evidence  of  seasonal  flushing  of  contaminants  through  the  aquifer.  This  is  consistent with 
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previous  research which  has  shown  leachate  plumes  in  groundwater  to  last decades,  even 
centuries in some cases (Cozzarelli et al, 2011; Regadio et al., 2012). 
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5 CHAPTER	FIVE:	A	Method	for	Separation	
of	Heavy	Metal	Sources	in	Groundwater	
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5.1 Preface	
The focus of this chapter  is utilising XRF profiling of the fill/sediment  in boreholes, statistical 
categorisation techniques and analysis of soil leaching values to separate the major heavy metal 
sources in groundwater across the study area. This was undertaken in order to determine the 
likely contribution of different metal sources, including point sources and a regionally extensive 
artificial fill  layer occurring  in the upper soil profile. The aim was to provide  information that 
can help inform more detailed heavy metal contamination assessments completed on a ‘site‐
by‐site’ basis. 
The chapter addresses research question 4 and shows that by using a mix of statistical (ANOVA 
and 95% prediction intervals) and geochemical tools (soil leaching values) as multiple lines of 
evidence,  delineation  of  heavy  metal  sources  in  groundwater  within  complex  urban  re‐
development precincts can be achieved and/or enhanced. This chapter has been published in 
Environmental Pollution. 
5.2 Publication	Four	
Hepburn, E., Northway, A., Bekele, D., Liu, G‐J., Currell, M. 2018. A method for separation of 
heavy metal sources in urban groundwater using multiple lines of evidence. Environmental 
Pollution, 241: 787‐799. 
https://doi.org/10.1016/j.envpol.2018.06.004 
5.2.1 Abstract	
Determining  sources of heavy metals  in  soils,  sediments  and  groundwater  is  important  for 
understanding  their  fate and  transport and mitigating human and environmental exposures. 
Artificially imported fill, natural sediments and groundwater from 240 ha of reclaimed land at 
Fishermans  Bend  in  Australia,  were  analysed  for  heavy  metals  and  other  parameters  to 
determine  the  relative  contributions  from  different  possible  sources.  Fishermans  Bend  is 
Australia’s  largest  urban  re‐development  project,  however,  complicated  land‐use  history, 
geology, and multiple contamination sources pose challenges to successful re‐development. We 
developed  a  method  for  heavy  metal  source  separation  in  groundwater  using  statistical 
categorisation of the data, analysis of soil leaching values and fill/sediment XRF profiling. The 
method  identified two major sources of heavy metals  in groundwater: 1. point sources from 
local or up‐gradient groundwater contaminated by industrial activities and/or legacy landfills; 
and 2. contaminated fill, where leaching of Cu, Mn, Pb and Zn was observed. Across the precinct, 
metals were most commonly  sourced  from a combination of  these  sources; however, eight 
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locations  indicated  at  least  one  metal  sourced  solely  from  fill  leaching,  and  23  locations 
indicated  at  least one metal  sourced  solely  from  impacted  groundwater. Concentrations of 
heavy metals in groundwater ranged from 0.0001‐0.003 mg/L (Cd), 0.001‐0.1 mg/L (Cr), 0.001‐
0.2 mg/L (Cu), 0.001‐0.5 mg/L (Ni), 0.001‐0.01 mg/L (Pb), and 0.005‐1.2 mg/L (Zn). Our method 
can determine the likely contribution of different metal sources to groundwater, helping inform 
more detailed  contamination assessments and precinct‐wide management and  remediation 
strategies. 
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Determining sources of heavy metals in soils, sediments and groundwater is important for under-
standing their fate and transport and mitigating human and environmental exposures. Artiﬁcially im-
ported ﬁll, natural sediments and groundwater from 240 ha of reclaimed land at Fishermans Bend in
Australia, were analysed for heavy metals and other parameters to determine the relative contributions
from different possible sources. Fishermans Bend is Australia's largest urban re-development project,
however, complicated land-use history, geology, and multiple contamination sources pose challenges to
successful re-development. We developed a method for heavy metal source separation in groundwater
using statistical categorisation of the data, analysis of soil leaching values and ﬁll/sediment XRF proﬁling.
The method identiﬁed two major sources of heavy metals in groundwater: 1. Point sources from local or
up-gradient groundwater contaminated by industrial activities and/or legacy landﬁlls; and 2. contami-
nated ﬁll, where leaching of Cu, Mn, Pb and Zn was observed. Across the precinct, metals were most
commonly sourced from a combination of these sources; however, eight locations indicated at least one
metal sourced solely from ﬁll leaching, and 23 locations indicated at least one metal sourced solely from
impacted groundwater. Concentrations of heavy metals in groundwater ranged from 0.0001 to 0.003mg/
L (Cd), 0.001e0.1mg/L (Cr), 0.001e0.2mg/L (Cu), 0.001e0.5mg/L (Ni), 0.001e0.01mg/L (Pb), and 0.005
e1.2mg/L (Zn). Our method can determine the likely contribution of different metal sources to
groundwater, helping inform more detailed contamination assessments and precinct-wide management
and remediation strategies.
© 2018 Elsevier Ltd. All rights reserved.1. Introduction
In recent decades, the shift towards de-industrialisation of the
world's major cities has resulted in rapid re-development of
brownﬁeld land (Chen and Jiao, 2008). The reuse of brownﬁelds for
housing, parks and recreation has emerged as a key planning
strategy for governments to address growing urban populations
(De Sousa and Ghoshal, 2012; Bartke, 2013; Atkinson et al., 2014;
UN, 2015). However, historical industrial districts often contain
heavy metals in soils, sediment and groundwater (Critto et al.,
2006; Carlon et al., 2007, 2008; Relic et al., 2010). Mobilisation ofe by Joerg Rinkleb.
VIC 3001 Australia.
Currell).heavy metals can impact ecological systems via discharge of
contaminated groundwater to surface water and threaten plant and
animal health if bioavailable (Moore, 1999; Alloway, 2013a,b). Hu-
man exposure pathways include dermal contact, inhalation of
particulates or direct ingestion of impacted soil, and contact with
affected surface waters (NEPM, 2013a,b,c). Consequently, environ-
mental regulators are attempting to better understand public
health and environmental risks associated with brownﬁelds prior
to their re-development (Ramsden, 2010; Xie and Li, 2010).
Understanding sources of heavymetals and their environmental
fate is essential to successful risk assessment, remediation/man-
agement and ultimately, re-development; particularly in coastal
areas, where dynamic geochemical and hydrogeological conditions
can inﬂuence their behaviour (Du Laing et al., 2009a; Lions et al.,
2010; Wang et al., 2016). Mobilisation of heavy metals in surface
E. Hepburn et al. / Environmental Pollution 241 (2018) 787e799788water and groundwater is typically described in terms of how they
distribute between dissolved and solid phases; the rates of
adsorption, desorption and dissolution can be inﬂuenced by
geochemical parameters and sediment composition (Weiner,
2013). Field and laboratory-based simulations show heavy metals
may desorb due to changes in physico-chemical conditions such as
salinity, pH and redox potential (Clemente et al., 2008; Acosta et al.,
2011; Fdez-Ortiz de Vallejuelo et al., 2014; Hafeznezami et al.,
2016). Sequential leaching experiments also demonstrate a strong
pH dependency and the importance of Fe-Mn oxides, clays and
organic matter on metal mobility in soils (Dijkstra et al., 2004;
Markiewicz-Patkowska et al., 2005; Relic et al., 2010; Kumar et al.,
2015). However, to determine the predominant source(s) of metals
in groundwater where there are multiple natural and/or anthro-
pogenic inputs, multiple lines of geological, hydrogeological and
geochemical data are required.
Many studies have sought to identify heavy metal sources in
coastal aquifers and sediments using statistical and empirical
methods (Chen and Jiao, 2008; Skrbic; Ðurisic-Mladenovic, 2010;
Syakti et al., 2015; Chen et al., 2016a; Chen et al., 2016b; Sindern
et al., 2016; Wu et al., 2016). However, limited studies have
approached metal source categorisation by including detailed
proﬁling of metal concentrations in soil, sediment and ground-
water, using techniques such as X-ray ﬂuorescence (XRF) (Carr
et al., 2008; Weindorf et al., 2013). Also, few studies have exam-
ined metal sources and behaviour through soils/sediment and
groundwater in artiﬁcial, highly modiﬁed systems, instead focusing
on contamination to relatively undisturbed areas (Liaghati et al.,
2003; Davis et al., 2009; Luo et al., 2015; Chen et al., 2016a; Chen
et al., 2016b). Detailed characterisation of heavy metal sources,
fate and transport in urban areas is typically conducted on a ‘site by
site’ basis, as part of environmental site assessment guidelines and
policies. However, in regions such as Fishermans Bend, where large
parcels of land containing many sites and complicated land-use
history are being redeveloped as precincts, a more regional
approach is needed to characterise heavy metal contamination and
distinguish point source effects from broader regional-scale
processes.
In this study, we demonstrate a method with which to
differentiate heavy metal sources in groundwater in an area long
subject to intensive anthropogenic activity. Numerous environ-
mental audits have been completed for individual sites, doc-
umenting local-scale sources of heavy metal contamination in
groundwater (e.g. Golder, 1993; URS, 2001, 2005, 2014). However,
there has been no regional-scale study to assess the wider
contribution of the extensive artiﬁcial ﬁll layer to groundwater
heavy metal loads, or contamination plumes from sites such as
legacy landﬁlls. Both sources may impact groundwater to varying
degrees at a given locality. Through assessment of groundwater
and XRF-derived proﬁles of heavy metal concentrations, we
sought to categorise heavy metals in groundwater into different
source types, based on their respective mean concentrations in
ﬁll. We hypothesised that incorporation of simple statistical
techniques with multiple lines of evidence could provide an
indication of different heavy metal sources in groundwater and
that this method could be used as a guide by environmental
practitioners when assessing the likelihood of such sources.
Differentiation of heavy metal sources in former industrial pre-
cincts can help inform contamination management and reme-
diation strategies. The method is designed to be applicable at a
regional scale, relying on datasets that can be readily collected by
practitioners. We stress that the method is not designed to
replace more detailed studies of metal sources, fate and transport
in particular locations, for example using solute transport
modelling and more intensive ﬁeld data collection.2. Background and setting
2.1. Historical land use at Fishermans Bend
Fishermans Bend is located approximately 1 km southwest of
Melbourne's Central Business District (CBD) in southeast Australia
(Fig. 1). It has been a site of industrial and commercial activity since
the mid-1800s, prior to which the area was characterised by
shallow swamps, commonly used for dumping of industrial and
domestic waste (Biosis, 2013). Sand quarrying occurred prior to the
1920s after which landﬁlling occurred at seven known locations
(Fig. 1) (U'Ren and Turnbull, 1983). The landwas later developed for
industries including automotive manufacturing, metal fabrication,
and transport and logistics (Biosis, 2014). The area is currently used
for heavy and light commercial and industrial purposes (Golder,
2012). Urban renewal began in 2012 when the Victorian State
Government re-zoned 240 ha for residential use. Now the largest
urban re-development project in Australian history, Fishermans
Bend has an anticipated development timeframe of over 40 years
(DELWP, 2017). Due to its industrial history, land reclamation ac-
tivities and complex geology, successful re-development will
beneﬁt from careful analysis of soil/sediment and groundwater
contamination, based on clear understandings of hydro-
geochemical processes (Golder , 2012). Detailed reviews of histor-
ical land uses are available in Golder (2012) and AECOM (2015).
2.2. Geology and hydrogeology
Fishermans Bend is located within the Yarra River Delta, a
sequence of unconsolidated Quaternary sediments deposited at the
mouth of the Yarra and Maribyrnong rivers (Fig. 1). Holdgate and
Norvick (2017) characterised the geological evolution of the delta
showing that the uppermost units comprise Holocene transitional
alluvial/marine sediments. The main geological units of relevance
to this study are the Port Melbourne Sand (PMS) and the Coode
Island Silt (CIS). Overlying these is a layer of artiﬁcially imported ﬁll,
comprising a mixture of industrial and construction waste, and
quarried material from locations within or proximal to the region.
Fill generally consists of grey-brown sand and gravel, with variable
amounts of re-worked clay, dredged sediment and inclusions such
as scrap metal, brick, plastic and concrete. The ﬁll ranges from
absent to approximately 5m (average 2.5m) thick.
The Port Melbourne Sand consists of pale grey-brown, ﬁne-to
medium-grained quartzose sands and acts as an unconﬁned high-
yielding aquifer, typically 5e10m thick, with a shallow water ta-
ble between 1 and 3.5m below ground surface (BGS), (Neilson,
1992; AECOM, 2016). A broad range of hydraulic conductivities
between 0.86 and 43m/day are reported in Cooney (1984, cited in
Leonard, 2006) likely due to the presence of clay lenses within the
unit. The Coode Island Silt consists of dark grey-brown, soft, silty
clays (illite and kaolinite), marine shells and plant material (Smith
andMilne, 1979). The unit acts as a low-yielding aquitard, 20e25m
thick, with a high porosity and low permeability (Hancock, 1992).
Contact between the Port Melbourne Sand and the Coode Island Silt
is typically sharp but can be gradational, particularly in the
northeast of Fishermans Bend where the units are lateral equiva-
lents (Holdgate and Norvick, 2017).
Groundwater elevations in the water table aquifer indicate ﬂow
predominantly converging in the southeast of the study area to-
wards a redundant sewer, which appears to re-direct groundwater
away from a topography-driven drainage path (Fig. 1, AECOM,
2016). Groundwater elevations in the west of the study area indi-
cate potential ﬂow towards Hobsons Bay. Tritium activities in the
Port Melbourne Sand aquifer range from 1.75 to 2.45 TU (me-
dian¼ 1.94 TU; n¼ 11), and from 0.20 to 0.35 TU (median¼ 0.25
Fig. 1. Map of Fishermans Bend, including historical industries of interest and location of redundant sewer line under Ingles Street.
E. Hepburn et al. / Environmental Pollution 241 (2018) 787e799 789TU; n¼ 3) in the Coode Island Silt aquitard (Hepburn, unpublished
results). This indicates active recharge to the shallow aquifers by
modern rainfall (Tadros et al., 2014).2.3. Groundwater chemistry
Port Melbourne Sand groundwater varies from oxygen-rich to
reducing (dissolved oxygen (DO) from 0.01 to 5.72 mg/L, and
oxidation-reduction potential (ORP) from 256 to þ460 mV) and
has a typically neutral pH (median ¼ 6.56), with localised areas of
low pH (AECOM, 2016). Salinity varies from 91mg/L to 2971mg/L
total dissolved solids (TDS) (AECOM, 2016), with the values
signiﬁcantly higher in the Coode Island Silt (median¼ 19,490mg/L)
than Port Melbourne Sand (median¼ 931mg/L). Groundwater in
the Coode Island Silt is reducing (median ORP¼224mV) with
neutral pH (median¼ 6.72). The major ion chemistry of the Port
Melbourne Sand aquifer is dominated by calcium, sodium and bi-
carbonate, with locally elevated sulfate (max. value¼ 2780mg/L)
generally associated with industrial contamination (AECOM, 2016).The major ion chemistry of the Coode Island Silt aquitard is Na-Cl
dominant (AECOM, 2016).3. Materials and methods
3.1. Field sampling and laboratory analysis
Thirty-six shallow boreholes were installed across Fishermans
Bend in November 2015 using hollow ﬂight augers. Borehole lo-
cations were based on a random grid pattern and installed in public
areas (e.g. footpaths), to avoid direct point-sources of contamina-
tion (Fig. 1). Boreholes were screened between 1.2 and 7.0m below
ground surface, predominantly in the Port Melbourne Sand, with
remaining bores screened in ﬁll, ﬁll and Port Melbourne Sand or
Coode Island Silt (see Appendix Ae supplementary material for full
bore construction details). Sediment samples for heavy metal
analysis (n¼ 65) were collected directly from a dedicated split
spoon sampler at regular depth intervals (10 or 20 cm), placed in
screw-top glass jars and kept at 4 C before being submitted to
E. Hepburn et al. / Environmental Pollution 241 (2018) 787e799790Australian Laboratory Services (ALS) for analysis via inductively
coupled plasma atomic emission spectroscopy (ICP-AES).
A total of 128 groundwater samples (including ﬁve duplicates
and ﬁve triplicates) were collected from these boreholes, plus two
additional pre-existing boreholes, over ﬁve sampling campaigns:
November 2015, May, June and August 2016 and May 2017. Low-
ﬂow sampling was conducted in accordance with EPA Victoria
(2000), using a bladder pump with dedicated low-density poly
ethylene (LDPE) tubing. Electrical conductivity (EC), temperature,
pH, ORP and DO were monitored using a HACH HQ40d or YSI556
handheld water quality meter, and stabilisation of parameters was
achieved prior to sampling. Samples were ﬁltered through 0.45 mm
in-line ﬁlters (Aquapore TM) and collected in pre-cleaned, nitric
acid (HNO3) preserved 60ml plastic bottles. Samples were kept
below 4 C before being submitted to ALS for dissolved metal
analysis via inductively coupled plasma mass spectrometry (ICP-
MS). Elements analysed included Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Pb,
Ni, Se and Zn. Groundwater heavy metal concentrations are sum-
marised in Table 1 (full results including all groundwater chemistry
data are included in Appendix B e supplementary material).Table 1
Summary statistics for XRF-derived metal concentrations in ﬁll and natural sediment an
LODa Alb As Cd Cr(Total) Cu F
(mg/kg)
50 1 8 6 3 9
FILL (n¼ 227)
n> LOD 46 196 18 209 218 2
Min. 90 2 5 5 5 2
Max. 16900 77 29 283 1430 8
Mean 5230 10 12 73 98 2
Median 3940 7 11 65 37 1
Std. Dev. 4120 9 5 53 192 1
PORT MELBOURNE SAND (n¼ 186)
n> LOD 23 146 11 93 108 1
Min. 100 2 6 5 4 2
Max. 8250 36 12 153 114 6
Mean 2630 5 10 32 13 4
Median 1930 3 10 18 8 1
Std. Dev. 2520 5 2 31 17 8
COODE ISLAND SILT (n¼ 45)
n> LOD 11 42 8 44 44 4
Min. 5660 2 6 17 4 3
Max. 21200 17 13 84 37 2
Mean 11790 7 9 54 11 1
Median 11600 7 8 59 11 1
Std. Dev. 5020 3 2 17 5 5
LOD Al As Cd Cr(Total) Cu F
(mg/L)
0.01 0.001 0.0001 0.001 0.001 0
PORT MELBOURNE SAND AQUIFER (n¼ 105)
n> LOD 74 92 11 62 39 1
Min. 0.01 0.001 0.0001 0.001 0.001 0
Max. 21.4 0.055 0.003 0.108 0.2 1
Mean 0.51 0.008 0.001 0.005 0.011 1
Median 0.03 0.006 0.0002 0.002 0.002 6
Std. Dev. 2.84 0.009 0.001 0.015 0.032 2
COODE ISLAND SILT AQUITARD (n¼ 9)
n> LOD 9 9 0 9 4 8
Min. 0.03 0.002 n/a 0.01 0.001 0
Max. 0.15 0.08 n/a 0.02 0.05 4
Mean 0.07 0.02 n/a 0.01 0.01 1
Median 0.04 0.01 n/a 0.01 0.002 4
Std. Dev. 0.05 0.03 n/a 0.004 0.021 1
a Average estimated LOD (based on the LOD estimated by the XRF analyser for each s
b Al from laboratory results only; Fill (n¼ 46), PMS (n¼ 23), CIS (n¼ 11).3.2. XRF sample preparation and data validation
A handheld x-ray ﬂuorescence (XRF) analyser (Olympus DELTA)
was used during borehole drilling to measure ﬁll/sediment heavy
metal concentrations at regular intervals from the surface to the
borehole base. A total of 458 ﬁll/sediment samples were analysed
(data summarised in Table 1; full data are provided in Appendix C,
supplementary material). Elements evaluated for this study
included total concentrations of As, Cd, Cr, Cu, Fe, Hg, Mn, Pb, Ni, Se
and Zn. The XRF analyser was calibrated once daily against a
stainless-steel reference material, and the instrument beams were
set to measure for 30 s each to ensure accuracy. Each sample was
arranged into 2 cm thick sections placed on a ﬂat, plastic surface
and measured at least twice to assess and control for sample het-
erogeneity. Samples were generally left to dry before measurement
to ensure metal detection in the solid phase only. Moisture and
grain size checks were performed on a subset of the samples; re-
sults are presented in Appendix D (supplementary material).
A subset of XRF-derived metal concentrations were cross-
compared using ICP-AES (measuring metal concentrations in totald dissolved concentrations in groundwater.
e Hg Mn Ni Pb Se Zn
0 1 6 4 2 1 3
27 82 212 209 211 37 223
10 2 5 8 2 1 3
9000 7 1180 162 4850 3 5220
2800 3 256 47 206 2 309
6100 2 191 36 79 2 129
9800 1 239 36 429 1 635
86 20 78 67 95 7 160
70 2 4 4 2 1 2
4200 4 820 103 317 2 252
970 2 65 19 27 1 23
600 2 26 12 6 1 8
890 1 133 17 59 0.2 41
5 3 44 43 42 7 45
00 2 11 9 2 1 6
4200 2 143 42 61 2 110
2400 2 77 23 12 1 32
2300 2 80 26 8 1 30
470 0 32 9 12 0.1 22
e Hg Mn Ni Pb Se Zn
.05 0.0001 0.001 0.001 0.001 0.01 0.005
03 0 105 101 20 0 94
.05 n/a 0.001 0.001 0.001 n/a 0.005
68 n/a 4.40 0.54 0.011 n/a 1.21
2.3 n/a 0.41 0.03 0.004 n/a 0.09
.70 n/a 0.26 0.02 0.003 n/a 0.02
1.3 n/a 0.62 0.06 0.003 n/a 0.22
0 9 9 0 0 6
.07 n/a 0.08 0.003 n/a n/a 0.006
2.5 n/a 0.75 0.20 n/a n/a 0.07
1.1 n/a 0.34 0.05 n/a n/a 0.02
.3 n/a 0.34 0.02 n/a n/a 0.01
4.8 n/a 0.22 0.06 n/a n/a 0.02
ample).
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the limit of detection (LOD) were included. Data points were clas-
siﬁed as outliers when a) the relative percent difference (RPD) was
>30% (for concentrations >10  LOD) or >50% (for concentrations
<10  LOD), as per Schedule B3 of NEPM (2013a,b,c), indicating the
likely presence of metal fragments or particulates in the sample,
and b) the presence of such metal fragments or particulates could
be veriﬁed by the borehole log. Mann-Whitney U tests (indepen-
dent samples) showed no statistically signiﬁcant differences in the
distributions (p values between .404 and .917) nor in the medians
(p values between .419 and 1.000) of any of the metals across the
two method types, except for Cr (p< .001) and Ni (p¼ .010). The
XRF results werewithin the range of 12% lower and 19% higher than
the ICP-AES results depending on the metal (except for Cr and Ni)
(R2 values between 0.83 and 0.98) e full results available in
Appendix D. With respect to Cr, XRF-derived concentrations were
systematically approximately 3 times higher than the laboratory
results (R2¼ 0.69); digestion efﬁciency in the laboratory or XRF
calibration (stainless-steel typically has high levels of Cr) may have
impacted these results. In addition, the LOD using XRF is typically
higher than that of laboratory tests, for example Cr had a LOD of
10mg/kg using the Olympus XRF versus 2mg/kg with ICP-AES.
Although only those samples with concentrations> LOD were
included in the cross-comparison, the implication is that results for
ﬂuorescence contain greater uncertainty. With respect to As XRF
results were approximately 10% lower than the ICP-AES results but
with a lower overall correlation coefﬁcient than for other metals
(R2¼ 0.55). Given the As concentrations were relatively low across
the study area, normal method variability and sample heteroge-
neity may have impacted the XRF data. Fluorescence of As is also
highly inﬂuenced by Fe in the sample matrix, in particular where
pyrite is present and As is usually incorporated into its structure.
Given the high Fe concentrations within all lithologies (between
210 and 159,900mg/kg), interference from Fe may be another
possible reason for the lack of correlation between XRF and
laboratory-derived As results. For this reason, and due to a lack of
correlation in moisture and grain-size checks, the XRF-derived As
data (like the Cr and Ni data) are considered to be of lowerFig. 2. Flowchart of the 3-step method for heavreliability than other metals. It is assumed that the XRF-derived
data for all other metals are robust and suitable for use in the
method detailed below.
3.3. Separation and attribution of heavy metal sources in
groundwater
By using the extensive heavy metal dataset collected from ﬁll,
natural sediment and groundwater within background areas across
Fishermans Bend, we sought to categorise heavy metals in
groundwater into different source types, based on their respective
mean concentrations in ﬁll. Our speciﬁc aim was therefore to
develop a replicable methodwithwhich to group heavymetals into
one of three source categories; 1) ﬁll (via leaching), 2) point sources
(via advection and dispersion), or 3) a mix of source types 1 and 2.
Our method subsequently includes three steps (Fig. 2) and requires
access to ﬁll and groundwater heavy metal concentration data, an
adequate spread and density of measurements through ﬁll (a
minimum of three measurements required to calculate a mean
value), and results frommultiple groundwater sampling rounds for
method validation. It is assumed that given the extensiveness of our
XRF dataset (typically onemeasurement per every 20 cm) themean
concentration in ﬁll is an accurate representation of the relative
contamination in ﬁll at each location. Fill/sediment samples were
collected over a single sampling event and as such temporal vari-
ations have not been assessed. The method is summarised in Fig. 2
and below; full details are provided in Appendix D.
3.3.1. Step 1: statistical source categorisation
This involves plotting groundwater heavy metal concentrations
against those normalised to the mean ﬁll concentration, as per
Fig. 3. By applying an iterative process of outlier identiﬁcation and
removal, the remaining data points can be used to generate a line of
best ﬁt (including± 95% prediction intervals (PIs)). It was hypoth-
esised that outliers which plot above the upper 95% PI must contain
a signiﬁcant amount of heavy metal in ﬁll and a relatively elevated
concentration in groundwater, indicating a higher likelihood of
leaching as the primary source of heavy metal to groundwater.y metal source separation in groundwater.
Fig. 3. Diagram showing the statistical source categorisation method (Step 1).
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contain a low amount of heavy metal in ﬁll and a variable con-
centration in groundwater, indicating a higher likelihood of im-
pacts related to a point source. Data points which plot within the
95% PIs may be designated as having a mixed source whereby
heavy metal sources in groundwater are essentially indistinguish-
able and may be attributed to a combination of ﬁll and point
sources. A one-way ANOVA is required to prove/disprove statisti-
cally signiﬁcant differences in the mean ﬁll metal concentrations
for each of the three source categories.3.3.2. Step 2: comparison with soil leaching values
This provides theoretical evidence of leachability potential at
locations where Step 1 identiﬁes a higher likelihood of leaching as
the primary metal source in groundwater. To do this, the maximum
concentration of heavy metal in ﬁll at these locations is compared
to a Soil Leaching Value (SLV) calculated for each heavymetal based
on contaminated material from across the study area, in this case
the Fishermans Bend ﬁll (FB-SLV). This gives a value above which
leaching can theoretically occur and can be calculated using an
analytical model, such as that developed by the Minnesota Pollu-
tion Control Agency (MPCA, 2013) as follows:
SLV ¼ (Kd þ ((qw þ qa H0)/ rb)) (1 þ (Kidm/IL)) ((d1 þ d2)/ d1) (1)
Model parameters and their adopted values are described in
Table S2 in Appendix D and calculations are shown in Appendix E.
Where maximum heavy metal concentrations in ﬁll do not exceed
the respective SLV ( ±50% in this case to allow for heterogeneity in
the sample matrix and likely source depletion given the age of the
ﬁll), the source category may be amended from leaching to mixed,
pending Step 3 results.While this particularmodel was used for our
data in this step, an alternative model could be readily substituted
where it is considered the MPCA model does not adequately cap-
ture all of the factors contributing to metal leaching. The MPCA
model is based on Regional Screening Levels developed by the
USEPA in 1996 (and updated in 2017), which are commonly used at
Superfund sites where inﬁlling with contaminated heterogeneous
material is common.3.3.3. Step 3: evaluation of XRF proﬁles
This provides empirical evidence of downward vertical
movement of heavy metal from ﬁll to natural sediment by
applying quantitative (statistical) and qualitative techniques to
the XRF dataset (details provided in Appendix D). The statistical
analysis involves analysis of variance (ANOVA) of the metal
concentrations in the sediment, based on the hypothesis that
where leaching has been occurring, the natural sediment directly
below the ﬁll (e.g. up to 0.5m below the base of the ﬁll) may
contain elevated heavy metal concentrations compared to the
lower (e.g. between 0.5 and 1m below the base of the ﬁll) and
basal sections of the natural sediment. Conversely, at locations
where leaching has not been occurring (i.e. contamination in
groundwater is more likely sourced from impacted groundwater
associated with a point source), it is hypothesised that no sta-
tistically signiﬁcant differences in heavy metal concentration
within the natural sediment may be found. Further, visual in-
spection of vertical trends in XRF-derived metal concentrations
with depth and lithology, and normalisation of concentrations
using Fe to indicate possible binding to Fe-oxyhydroxides, pro-
vides qualitative evidence with which to infer the leaching po-
tential of a given metal from the soil proﬁle (including ﬁll) at
each sampling location. Given the high Fe concentrations within
all lithologies (see Section 3.2) and the fact that total Fe con-
centrations measured by the XRF do not represent the quantity of
Fe-oxyhydroxides in a given sample, the normalised proﬁles are
only useful for relative indications of binding to Fe-
oxyhydroxides with depth and lithology.
4. Results
4.1. Extent of heavy metal contamination
Summary statistics for heavy metal concentrations in ﬁll and
natural sediment are presented in Table 1 (full results in
Appendix C). The maximum and highest median concentrations
of all metals except Al were measured in ﬁll (maximum and
highest median concentrations of Al were measured in the Coode
Island Silt). A strong positive correlation between Fe and Al
(R2¼ 0.83) in the Port Melbourne Sand suggests that iron may be
primarily associated with the silt-clay fraction in this unit (e.g.
with alumino-silicate clay minerals such as illite and kaolinite;
Young, 2013). In contrast, no correlation between Fe and Al
(R2¼ 0.002), and a positive correlation between Fe and S
(R2¼ 0.60), suggest that some iron exists as pyrite (FeS2) in the
Coode Island Silt sediments. Positive correlations between S and
As (R2¼ 0.50) and S and Mn (R2¼ 0.59) also suggest the possible
presence of arsenopyrite (FeAsS) and manganese sulphide (MnS)
in the Coode Island Silt sediments, consistent with previous
studies of the mineralogy and geochemistry of this unit
(Holdgate and Norvick, 2017).
Summary statistics for groundwater heavymetal concentrations
are presented in Table 1 (full results in Appendix B). The maximum
concentrations of all metals were measured in the Port Melbourne
Sand, except As which occurred in the Coode Island Silt. The highest
median concentrations of Cd, Fe, Pb and Zn occurred in the Port
Melbourne Sand, while the highest median concentrations of Al, As,
Cr, Ni andMn occurred in the Coode Island Silt. Seasonal changes in
metal concentrations in the Port Melbourne Sand were assessed to
be moderately impacted by rainfall events, with gradual increases
in the mean concentrations of all metals except As and Pb from late
spring through to early winter, followed by rapid decreases in
concentrations in late winter coinciding with heavier winter rain-
fall and associated increases in mean groundwater level (see
Table S2 in Appendix B).
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The method was applied to 34 out of the 38 sampled locations
where an adequate spread and density of measurements
throughout the ﬁll had been collected. The graphical results of Step
1 for all metals are provided in Appendix D (Fig. S1) and selected
results (for Zn) are presented in Fig. 4. Signiﬁcant differences in the
mean ﬁll concentration between the three source categories were
found for Zn (log), Cu (log), Mn (log) and Ni (p values be-
tween< .001 and .047) and for Pb, Fe, Cr and As (log) between the
mixing and point source categories (p values between < .001 and
.008). Summary statistics for each metal are presented in Table 2.
Across the precinct, metals in groundwater were most
commonly sourced from the mixed category (i.e. a combination of
ﬁll and impacted groundwater); however, eight locations indicated
at least one metal sourced solely from ﬁll, and 23 locations indi-
cated at least one metal sourced solely from impacted groundwater
(excluding Cr and Ni which were assumed to be sourced from
weathering of parent sedimentary material e see Appendix D).
Metals most commonly associated with point sources were Pb (e.g.
67% of locations with detectable Pb categorised this metal as
sourced from a point source) and Cu (53%). Metals with a per-
centage solely associated with ﬁll were Zn (6%), Mn (21%), Pb (8%)
and Cu (6%). At locations where Step 1 of the method proposed a
high likelihood of leaching from ﬁll, the maximum heavy metal
concentration in ﬁll was typically above the corresponding FB-SLV
(see Table 2 for FB-SLV results and Table S6 in Appendix D for
comparisons with Step 1 results). Conversely, at locations where
the method indicated a higher likelihood of impacts solely from
impacted groundwater, the maximum heavy metal concentration
in ﬁll was typically below the corresponding FB-SLV (e.g. within 3
and 23% of the FB-SLV for Zn, within 1 and 52% for Pb, within 4 and
9% for Cu and 0% for Cd). Exceptions were Mn where multiple lo-
cations had maximum ﬁll concentrations above the FB-SLV, how-
ever mean ﬁll concentrations were low (between 38 and 116mg/
kg) indicating a lack of consistently elevated concentrations
throughout the ﬁll.
At locations where the ﬁrst two steps in the method proposed a
high likelihood of leaching from ﬁll, statistically signiﬁcant differ-
ences in metal concentrations between the upper and lowerFig. 4. Step 1 results for Zn showing the four selected locnatural sediment were generally found through inspection of the
XRF proﬁles, indicating probable downwards vertical movement of
metal from ﬁll to natural sediment (p values between .003 and
.040). Conversely, at locations where themethod indicated a higher
likelihood of impacts solely from point sources, there were no
statistically signiﬁcant differences between the upper and lower
natural sediment indicating a lack of downwards vertical metal
movement (all results provided in Appendix D). Results from four
locations within the sand aquifer are presented and discussed in
Section 5.2 to demonstrate the applicability of the method in
different settings within the study area; two are located down-
gradient from legacy landﬁlls and show impacts from leachate,
and two are located near former industrial sites where point
sources and contaminated ﬁll are both important sources of metal
to groundwater.
5. Discussion
5.1. Region-wide ﬁndings
5.1.1. Metal sources to groundwater
Leaching of heavy metals from ﬁll to groundwater appears to be
occurring across Fishermans Bend, with eight locations showing
evidence of at least one metal leaching from ﬁll. Where metals are
sourced from ﬁll, concentration ranges in groundwater are
0.003mg/L (Cu), 0.008e0.97 (Mn), 0.003e0.009 (Pb), and
0.017e1.21 (Zn). Leaching of Cr and Ni from ﬁll was found to be
unlikely based on statistical categorisation (Step 1) and low con-
centrations observed in ﬁll (i.e. below the FB-SLVs) (Step 2). Strong
correlations (R2 values) with Fe and Mn unique to Cr (0.77 (Fe) and
0.65 (Mn)) and Ni (0.84 (Fe) and 0.82 (Mn)) across ﬁll, Port Mel-
bourne Sand and Coode Island Silt sediments suggests Cr and Ni are
likely scavenged by Fe-Mn oxides, potentially restricting their sol-
ubility and mobility (Du Laing, 2009a; Relic et al., 2010). Given that
the boreholes used in this study were deliberately positioned in
‘background’ areas, away from individual sites likely to contain
more heavily contaminated ﬁll, these ﬁndings indicate conservative
estimates of the contribution of heavy metals to groundwater from
ﬁll.
Contamination of shallowgroundwater via direct or up-gradientations and their likely metal sources in groundwater.
Table 2
Summary statistics for mean ﬁll concentrations across the three heavy metal source categories including Soil Leaching Values for the Fishermans Bend ﬁll.
Fill Mixed Point Source Fishermans Bend Fill/Soil Leaching Value (FB-SLV)
mg/kg
As Mean 11 10 4 6.8
Min. e 4 2
Max. e 23 6
n 1 26 7
Cd Mean e 3 <LOD 8.5
Min. e 3 e
Max. e 4 e
n 0 4 2
Cr Mean e 99 50 >900M
Min. e 53 16
Max. e 151 109
n 0 11 13
Cu Mean 255 75 27 817
Min. 107 39 14
Max. 403 138 62
n 2 6 9
Fe Mean e 25100 12100 N/A
Min. e 4310 3490
Max. e 51000 24700
n 0 27 7
Mn Mean 357 237 67 152
Min. 244 55 38
Max. 630 517 116
n 8 21 5
Ni Mean 87 44 20 173
Min. 85 11 11
Max. 88 88 26
n 2 26 6
Pb Mean 1460 414 109 3146
Min. e 313 10
Max. e 565 232
n 1 3 8
Zn Mean 2040 274 70 3172
Min. 1120 50 30
Max. 2960 1540 155
n 2 21 9
E. Hepburn et al. / Environmental Pollution 241 (2018) 787e799794impacted groundwater is widespread, with evidence for at least
one heavy metal sourced solely from this category at 23 locations.
Six locationswithin theWirraway and Sandridge sub-precincts (see
Fig. 1) indicate metals sourced from leachate plumes (GW05,
GW06, GW07, GW09, GW21 and GW28). Heavy metals (and
groundwater concentration ranges) associated with this source are
Cu (0.001e0.01mg/L), Fe (5.4e36mg/L), Mn (0.2e0.75mg/L), Pb
(0.001e0.003mg/L), Zn (0.007e0.03mg/L) and potentially As
(0.002e0.05mg/L), Cr (0.001e0.002mg/L) and Ni (0.002e0.06mg/
L). At least ﬁve locations within the LODimer, Sandridge and
Montague sub-precincts indicate metals potentially sourced from
industrial activities (GW16, GW22, GW23, GW30 and GW36).
Heavy metals associated with this source are Cd (0.002e0.003mg/
L), Cu (0.002e0.004mg/L), Mn (0.006e0.25mg/L), Pb
(0.001e0.011mg/L), Fe (0.45e12mg/L), Zn (0.009e0.28mg/L) and
potentially Ni (0.007e0.08mg/L).
Natural geogenic sources of As, Fe and Mn are also probable in
the Coode Island Silt groundwater, due to the likely presence, and
dissolution, of pyrite, arsenopyrite and manganese sulphides (see
Section 4.1). Microbial sulfate reduction may play a key role in As
mobilisation from Fe-rich sediment in this unit, as found to occur
under anoxic conditions by Kumar et al. (2016). Elevated concen-
trations of Cr and Mn in aquitard material (see Table 1) suggest
binding of Cr to Mn oxides within clay. Whether these redox-
sensitive metals then mobilise to groundwater appears to be atleast partly controlled by other aspects of groundwater chemistry;
the highest median concentrations of Cr and Mnwere measured in
the reducing groundwaters of the Coode Island Silt (mean
ORP¼160mV) (Table 1). Reductive dissolution of Fe-Mn oxides
may therefore be an important mechanism for Cr mobilisation,
consistent with other studies (Banks et al., 2006;Wang et al., 2016).
In addition, a positive correlation (R2¼ 0.37) unique to Cr with
NH3-N in the Coode Island Silt groundwater suggests Cr mobi-
lisation may also be related to decomposition of buried sedimen-
tary organic matter, as found byWang et al. (2016) in similar deltaic
sediments. Evidence for Zn dissolution associated with sulphide
complexes (e.g. Fe2S and MnS) in the Coode Island Silt aquitard is
supported by positive correlations between SO42 and Fe (0.59), Mn
(0.37) and Zn (0.64) in groundwater, while positive correlations
between Al and Cu (0.34) suggest Cu may be more closely associ-
ated with dissolution of Al hydroxides in this unit.
It must be noted that our method is not designed to replace the
need for detailed site-speciﬁc analysis of metal source and mobi-
lisation mechanisms, for example, involving more detailed data
collection, laboratory studies and/or numerical models of solute
transport. Rather, it is designed to be applied at regional scales
using datasets that are relatively easily collected over a large
geographic area as a screening method. Additional detailed studies
may then be conducted to complement and/or verify the ﬁndings
where it is deemed to be of most value to do so.
Table 3
Four locations selected for discussion including metal sources, source description and physico-chemical parameters (mean values) (E. Hepburn, unpublished data).
Metals and their likely source based on the method General source description Additional evidence for metal source categorisation (physico-
chemical parameters mean values)
Fill Mixed Point Source NH3-N HCO3 Na K Cl SO4 pH ORP
(mg/L) (mV)
GW06 - Ni Fe, Mn, Zn, Cu, Cr, As Legacy landﬁll leachate 8 922 335 51 338 668 6.7 53
GW07 - Fe, Mn, Ni Pb, Zn, Cr, As 24 909 234 28 164 157 6.9 92
GW22 Pb, Cd, As Fe, Mn, Zn, Cu, Cr, Ni Industrial activity 0.9 79 86 10 93 251 5.5 þ96
GW26 Zn, Mn, Cu Cd, Cr, Fe, Mn, Ni, As - 0.1 101 25 7 16 598 6.2 þ77
Port Melbourne Sand (mean value) 3.6 405 138 42 118 391 6.4 25
Port Melbourne Sand (median value) 1.0 347 107 25 69 330 6.6 39
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Four locations selected for detailed method demonstration are
shown in Fig. 1 and Table 3 including groundwater physico-
chemical characteristics. GW06 and GW07 are located down-
gradient from legacy landﬁlls (Lane Consulting, 1999) and show
evidence of leachate contamination (e.g. elevated concentrations of
ammonia and major ions), consistent with late-stage leachate
plumes (Mulvey and Brisbane, 1996). GW22 and GW26 are located
near former industrial sites where groundwater pH is generally
lower (mean pH ¼ 5.5 and 6.2, respectively) and ORP is higher
(mean ORP ¼ þ96 mV and þ77 mV, respectively) than the mean
and median levels in the sand aquifer.5.2.1. Step 1: statistical source categorisation
At GW06 and GW07 Step 1 results indicated a high likelihood of
a combination of Fe, Mn, Zn, Pb, Cu, Cr and As as sourced solely from
a point source, consistent with evidence that groundwater is
impacted by landﬁll leachate at these locations. Conversely, at
GW26 a high likelihood of Zn, Mn and Cu leaching from ﬁll was
found along with no likelihood of any metals sourced from a point
source, whilst at GW22, Pb was most likely sourced from ﬁll
leaching, and Fe, Mn, Zn, Cu, Ni and Cr were likely sourced from a
point source, indicating impacts from both leaching and contami-
nated groundwater at these locations. Step 1 results for Zn are
presented in Fig. 4.Table 4
Summary statistics for zinc and lead concentrations through ﬁll and natural sediment at
n
Zn Leaching GW26 Fill 5
Natural upper 3
Natural lower 2
Natural basal 5
No leaching (point source) GW06 Fill 4
Natural upper 2
Natural lower 2
Natural basal 1
GW07 Fill 1
Natural upper 2
Natural lower 2
Natural basal 3
Pb Leaching GW22 Fill 6
Natural upper 4
Natural lower 2
Natural basal 3
No leaching (point source) GW07 Fill 1
Natural upper 2
Natural lower 2
Natural basal 35.2.2. Step 2: comparison with soil leaching values
At GW22 and GW26 where a high likelihood of Pb, and Zn, Mn
and Cu leaching was found, respectively, the maximum concen-
trations of these metals in ﬁll were above the corresponding FB-
SLV, providing theoretical evidence of their leachability potential
at these locations. The only exception was Zn at GW26 where the
maximum concentration in ﬁll (1900mg/kg) was 60% of the FB-SLV
(3172mg/kg); this metal was subsequently considered for amend-
ment to the mixed source category, pending Step 3 results. See
Table S6 in Appendix D for all results.5.2.3. Step 3: evaluation of XRF proﬁles
At GW26 statistically signiﬁcant differences in mean Zn (log)
concentration between the ﬁll and upper natural sediment were
found (p< .001) and between the upper and lower natural sedi-
ment (p¼ .014). Znwas therefore retained in the leaching category.
Similar results for Cu and Mn at GW26 were found (see Appendix
D). Conversely, at GW06 and GW07 no statistically signiﬁcant dif-
ferences in mean Zn (log) concentration between the ﬁll and upper
natural sediment were found, nor between the upper and lower
natural sediment. Summary statistics for Zn (original data) are
presented in Table 4.
At GW22, statistically signiﬁcant differences in mean Pb (log)
concentration between the ﬁll and upper natural sediment were
found (p¼ .024) and between the upper and lower natural sedi-
ment (p¼ .019). Conversely, at GW07 most Pb concentrationsfour selected locations.
Mean Std. Dev. Std. Error Min. Max.
1330 517 231 498 1900
58 30 17 30 89
9 0.9 0.7 8 9.3
3 1.9 0.9 <LOD 6.1
225 346 173 11 740
14 2.4 1.6 12 16
36 26 18 18 54
<LOD e e e e
0 38 32 10 11 110
16 12 8.5 7.4 24
9 2.2 1.6 7.6 11
3 1.2 0.7 <LOD 3.7
1458 1700 696 262 4850
163 60 30 107 242
17 16 11 5.5 28
<LOD e e e e
0 10 7.8 2.5 <LOD 22
<LOD e e e e
10 6.0 4.2 5.7 14
<LOD e e e e
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ural sediment where re-adsorption of some Pb at the sediment/
water table interface may be occurring, likely sourced from landﬁll
leachate impacts to groundwater (see Table 4 e original data).
Qualitative examination of these proﬁles (Fig. 5a and b) shows a
noticeable difference in the raw and normalised Pb concentrations
between GW22 where ﬁll leaching is the most likely source of Pb to
groundwater and GW07 where a point source is considered more
likely.
5.3. Vertical and horizontal movement of metal through ﬁll and
natural sediment
Indications of vertical movement of heavy metals through the
soil proﬁle into underlying groundwater, and then either export in
laterally moving groundwater, or re-attachment to underlying
sediment are shown in Fig. 5c. Heavy metal concentrations in the
Port Melbourne Sand are typically low compared to those in ﬁll and
the Coode Island Silt, suggesting initial metal movement from ﬁll to
sand (where leaching and dissolution of some metals may occur,
depending on soil conditions and groundwater geochemistry),
followed by re-adsorption of the remaining metal onto negatively
charged surfaces of the clays - based on low points of zero charge
(pHPZC) for illite and kaolinite of <3 and 4.6, respectively (Appelo
and Postma, 2005)). Heavy metals in the clay may also be
sourced from natural geogenic sources (e.g. As, Fe and Mn) or from
dissolution of metal sulphide complexes (e.g. Zn) or Fe-Mn-Al ox-
ides (e.g. Cu, Cr and Ni). Potentiometric surface maps of the Port
Melbourne Sand aquifer and Coode Island Silt aquitard indicate an
absence of any regional upwards hydraulic gradient which would
otherwise prevent downward metal movement according to this
mechanism.
Possible evidence for dissolution of some metals bound to Fe-
Mn oxides within the Port Melbourne Sand aquifer includes mod-
erate to strong positive correlations between Fe and Al, Cd, Cr, Cu
and Ni, and between Mn and Cd and Pb (Table 5). Metal solubility
may be partly controlled by groundwater pH and redox parame-
ters; weak to moderate negative correlations between Al, Cd, Cr, Ni
and Pb with pH, and weak to strong positive correlations between
Al, Cd, Cr and Cu with ORP in the sand aquifer (Table 5) generally
reﬂect accepted conditions of greatest solubility, i.e. low pH for all
metals, and oxidising conditions (high ORP) for redox-insensitive
metals (e.g. Al and Cd) (Weiner, 2013).
Indications for lateral metal movement of heavy metals through
the sand aquifer are seen in Fig. 5d, where ﬁll material is absent and
Cu, Mn, Pb and Zn concentrations are mostly< LOD except at the
sediment-water table interface where concentrations increase
markedly (at approximately 2.5 mBGS). The normalised proﬁle in-
dicates these metals are potentially bound to Fe-oxyhydroxides,
however elevated concentrations of Fe (e.g. 9700mg/kg) in sedi-
ments at the water table (compared to above and below) at this
location suggest metal may be transported within Fe-rich ground-
water. Some re-adsorption of metal to ﬁll/sediment at the water
table may therefore be occurring, where oxic-anoxic cycling occurs
and precipitation of Fe-Mn oxides can induce co-precipitation of
heavy metals (Vinson et al., 2007; Du Laing, 2009b). Depending on
hydraulic gradient and ﬂow direction, contamination may migrate
laterally at the regional scale into nearby coastal waters (e.g. Hobsons
Bay to the south, where the Port Melbourne Sand has a direct
interface with sea water at the coast).
5.4. Implications for ongoing management of heavy metal sources
5.4.1. Fill
Our results indicate that ﬁll is an on-going source ofcontamination to shallow groundwater across Fishermans Bend
(particularly for Cu, Mn, Pb, Zn). However, removal of ﬁll from in-
dividual sites is likely to result in signiﬁcant disposal costs to be
borne by the responsible party and may ultimately result in no net
environmental beneﬁt. Where sensitive land uses are proposed,
clean up approaches would need to be site-speciﬁc and dependent
on state environmental legislation, guidance and best practice (e.g.
DSE, 2010; CRC CARE, 2013). Where site-speciﬁc risk management
plans can demonstrate adequate controls on the exposure route of
greatest concern via options such as impermeable clay capping,
and/or remediation strategies can demonstrate a reduction of
metal concentrations to acceptable levels (and a subsequent
reduction in the likelihood of leaching), risks to human health and
the environment from contaminated ﬁll may be deemed appro-
priately managed.
5.4.2. Groundwater plumes
Our results indicate that contamination plumes associated with
legacy landﬁlls and industrial sites across Fishermans Bend are also
signiﬁcant contributors of heavy metals to shallow groundwater.
Whilst risks to nearby surface water bodies (e.g. Hobsons Bay and
the Yarra River) are unlikely given the re-direction of regional
groundwater towards a redundant sewer in the southeast of the
precinct, potential risks to human health, particularly where sen-
sitive land uses are proposed, will need to be addressed on a site-
speciﬁc basis using state environmental legislation (e.g. EPA
Victoria, 2016; GoV, 1970). By using our method to understand
whether heavy metals are site-derived or part of a larger plume
which may cross multiple site boundaries, decision-makers will be
better informed on the most appropriate remediation strategy for
any given site. Where large plumes are identiﬁed, collective
remediation strategies (potentially covering multiple sites) may be
the most appropriate course of action with which to set clear and
common remediation end-points, thus increasing efﬁciencies in the
environmental audit system, avoiding indecision, and preventing
repeat work by practitioners at neighbouring sites. Where this
situation arises, our method may help to determine the extent to
which current site owners or tenants are responsible for potential
clean-up costs.
6. Conclusions
A method for heavy metal source separation in groundwater
within anthropogenically modiﬁed sediments has been developed.
The method utilises three steps: 1) statistical categorisation of the
data; 2) analysis of soil leaching values (SLVs); and 3) examination
of vertical proﬁles of metal composition and lithology with depth.
Major sources of heavy metals to groundwater were identiﬁed as
artiﬁcially imported ﬁll, and plume-impacted groundwater, both of
which have the potential to impact surface water ecosystems at
groundwater discharge points. However, groundwater across most
of the precinct is predominantly drained by a sewer, thus lowering
the risk to nearby waters.
As brownﬁeld re-development increases in the world's major
cities, contaminant sources, fate and transport need to be appro-
priately studied and managed. In particular, coastal areas, where
river delta sediments like those of the study area predominate,
represent some of the most heavily utilised regions of the world for
urban re-development. Separation of metal sources in such settings
has important implications for risk mitigation and could allow for
the development of more appropriate contamination assessment,
management and remediation strategies. Our study has provided a
new method by which to screen likely source(s) of heavy metals in
groundwater designed not to replace, rather to complement more
detailed site-speciﬁc modelling studies of metal transport. The
Fig. 5. Raw and normalised metal proﬁles with depth through ﬁll (brown), Port Melbourne Sand (pale grey) and Coode Island Silt (dark grey) for selected locations; (a) GW22, (b)
GW07, (c) GW10, (d) GW24. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the Web version of this article.)
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Table 5
Correlation (R2 value) between metals and Fe, Mn, pH and ORP in the Port Mel-
bourne Sand groundwater.
Al As Cd Cr Cu Ni Pb Zn
Fe 0.83b 0.06 0.98b 0.87b 0.59b 0.59b 0.29 0.09
Mn 0.02 0.001 0.89b 0.01 0.14 0.10 0.43b 0.0003
pHa 0.32b 0.03 0.52c 0.41b 0.22 0.34b 0.31c 0.16
ORP 0.35b 0.01 0.70b 0.44b 0.33b 0.25 0.16 0.27
a All correlations with pH are negative.
b Signiﬁcant at the 0.01 level.
c Signiﬁcant at the 0.05 level.
E. Hepburn et al. / Environmental Pollution 241 (2018) 787e799798method can provide valuable information for the management of
heavy-metal contaminated brownﬁeld sites that are impacted by
complex land-use history, hydrogeological and geochemical
conditions.
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6.1 Synthesis	of	research	findings	
The research outlined  in this thesis was undertaken to address a range of uncertainties with 
respect  to  the  hydrogeological  system  and  sources,  extent  and  behaviour  of  groundwater 
contamination of various kinds  (landfill  leachate, PFAS, heavy metals) within  the Fishermans 
Bend urban re‐development precinct in Melbourne, Australia. These uncertainties are typical in 
areas with complex land‐use history, on which brownfield re‐development projects are often 
planned.  Such  uncertainties  create  serious  challenges  for  environmental  regulators  and 
developers  seeking  to  re‐vitalise  former  industrial  land,  while  reducing  health  and 
environmental risks associated with legacy groundwater contamination. 
As  described  in  chapter  2,  this  research  has  highlighted  that  different  data  collation  and 
visualisation techniques using GIS‐based tools can aid the communication and interpretation of 
large groundwater datasets from such settings. Where access to precinct wide data is available 
to environmental practitioners and auditors,  it can be used to supplement data and findings 
from  individual  site assessments undertaken  for  specific  re‐development purposes. This can 
help to overcome many of the major challenges associated with the assessment of groundwater 
contamination at the precinct scale. Such challenges  include separating ambient background 
from  point  source  signals,  better  delineating  diffuse  contaminant  sources/plumes  and 
determining the level of ongoing impact (and attenuation) from legacy sources such as historic 
landfills. Spatial analysis tools thus provide regional context for  interpretation of site‐specific 
data, helping to avoid costly repeat work related to the above challenges at neighbouring sites, 
and  resolving  ambiguities  relating  to  contamination  source(s),  such  that  remediation 
responsibilities are understood by all stakeholders involved in the re‐development project.  
In  chapter 3,  the  groundwater  flow  regime,  recharge  and discharge mechanisms  and  likely 
residence  times  of  groundwater  in  the  precinct  were  examined  using  hydrochemical  and 
isotope data, along with sources of salinity and organic and inorganic carbon. This clarified the 
key physical and chemical hydrogeological processes particularly mixing and recharge, which 
are strongly linked to contaminant transport in aquifers and are vital to the interpretation of 
background  and  contamination‐related  impacts  on  groundwater  quality.  Coupled with  the 
datasets  and  tool described  in Chapter 2,  this will  increase  the potential  value of  the data 
collected in future local‐scale site assessments in the precinct and resolve potential uncertainty 
and ambiguity regarding the controls on groundwater quality. 
In  chapters  4  and  5, major  contaminant  sources were  identified,  including  legacy  landfills, 
industrial activities and a regionally extensive layer of fill material within the upper soil profile. 
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A  combination of data processing  and  statistical  analysis  techniques were used  to  develop 
methods  for separating different sources of key contaminants  in  the groundwater,  including 
PFAS  (e.g.  landfill vs. point source derived), ammonia and methane  (naturally occurring and 
landfill‐derived) and heavy metals (up‐gradient contamination plumes and  leaching from the 
shallow  fill).  In the process,  indices  (such as a modified L/N ratio  incorporating PFOA/∑PFAA 
values) were developed which may have wide applicability  in  identifying different sources of 
these contaminants elsewhere. 
The objectives of this research were to use data collection and collation, and spatial mapping 
to provide a simple GIS‐based DST to improve understanding of the hydrogeological system at 
Fishermans Bend, and to develop a series of geochemical indices/analysis tools to distinguish 
contamination sources and mechanisms in groundwater within complex urban re‐development 
precincts.  An  overarching  aim  was  to  ensure  that  the  tools  and  methods  explored  and 
developed are both locally relevant and more broadly applicable to analogous hydrogeological 
and land‐use settings globally.  
The project objectives have been fulfilled by answering the following research questions: 
1. Is  a  GIS‐based  decision  support  tool  suitable  for  compiling  and  communicating 
hydrogeological data collected across Fishermans Bend; and if so, how can this tool be 
structured and used in order to help address common uncertainties, such as separating 
diffuse contamination from point sources? 
2. Which suite of tracers is most useful for characterising groundwater recharge and 
quantifying residence times and sources of salinity at Fishermans Bend? 
3. Are  PFAS  present  in  the  groundwater  at  Fishermans  Bend  and  if  so,  can  the 
concentrations  and/or  ratios  of  different  PFAS  be  used  to  distinguish  different 
contamination sources, for example, enhancing delineation of legacy landfill impacts on 
groundwater?  
4. Which heavy metals are commonly present in the groundwater at Fishermans Bend and 
what statistical and/or geochemical tools are suitable for delineating different sources 
of metals in groundwater?  
6.2 Addressing	research	questions	
The  following  sections  synthesise  the  information  presented  in  this  thesis with  respect  to 
answering each of  the  research questions. The applications and  limitations of  this work are 
addressed  as  relevant  to  each  research  question,  along with  recommendations  for  further 
research to address outstanding issues.  
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6.2.1 Is	 a	 GIS‐based	 decision	 support	 tool	 suitable	 for	 compiling	 and	
communicating	hydrogeological	data	collected	across	Fishermans	Bend;	and	
if	 so,	 how	 can	 this	 tool	 be	 structured	 and	 used	 in	 order	 to	 help	 address	
common	uncertainties,	such	as	separating	diffuse	contamination	from	point	
sources?	
Complex  characteristics  often  associated  with  urban  re‐development  precincts  can  make 
understanding  the  hydrogeological  system  a  challenging  task;  for  example,  remnant 
underground  infrastructure  may  artificially  recharge  and/or  drain  urban  groundwater, 
heterogeneous artificial fill may overlie the natural sediments and modify groundwater flow, 
and  multiple  contamination  sources  may  impact  groundwater  salinity  and 
geochemistry/quality. To ensure that the hydrogeological processes and contaminant sources 
in  groundwater  at  Fishermans  Bend  were  adequately  understood  and  communicated  to 
environmental practitioners and regulators before re‐development commenced, a network of 
36 shallow bores were installed across the precinct by the EPA Victoria from which to build a 
groundwater database.  
Chapter  2  described  the  installation  of  these  36  bores  including  the  rationale  behind  bore 
placement across the precinct. Extensive groundwater sampling events were undertaken over 
multiple seasons for multiple chemical analytes and are also described in chapter 2, including 
the methods  for  data  storage  and management. Data were  converted  into  grid  files  using 
Surfer® (Golden Software, 1983) and then exported as shape files for visual display  in ArcGIS 
(Esri, 1969). Chapter 2 demonstrates how these data were used to create a simple GIS‐based 
DST (and accompanying framework) and how these may help environmental practitioners and 
regulators visualise and thus better understand and characterise the hydrogeological system 
and various trends observed in groundwater quality. This was demonstrated by showing a series 
of  outputs  from  the DST,  including  groundwater  elevation maps,  groundwater  quality  and 
geochemistry maps, and maps showing the locations of various contaminating industries and 
legacy landfills. 
Specifically, chapter 2 demonstrates the suitability of the DST to help separate diffuse plumes 
from point sources of contamination in groundwater by comparing data contained within the 
DST  to previously  investigated environmental audit sites.  In some cases,  the data contained 
within the DST served to confirm the findings and assumptions made within the individual site 
audit reports, for example regarding groundwater flow direction and sources of ammonia and 
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salinity. In other cases, the data contained within the DST did not confirm the audit’s findings 
and assumptions, for example regarding the ambient background heavy metal concentrations.  
The  data  and  information  contained  within  the  GIS‐based  DST will  in  future  be  held  and 
managed  by  EPA  Victoria.  If  the  data  and  DST  are  readily  accessible  to  environmental 
practitioners and regulators, this will help  increase the consistency and efficiency with which 
individual site assessments are undertaken at Fishermans Bend as re‐development progresses 
over  the  coming  decades.  The  data  contained within  the DST  can  also  contribute  to more 
targeted and effective remediation efforts and/or assist in the development of a precinct wide 
groundwater management strategy for ongoing use by all stakeholders. In addition, if physical 
access  to  the  network  of  36  bores  is  granted  to  environmental  practitioners  for  sampling 
purposes  in future, the datasets could become  ‘dynamic’ whereby both historical and up‐to‐
date data are available for both site‐specific and regional assessments of groundwater quality 
being completed in the area.  
Limitations  of  the  simple  GIS‐based  DST  are  described  in  chapter  2.  The  most  pertinent 
limitation is that over the large geographic area (i.e. 240 ha), certain stakeholders may perceive 
that the number of groundwater monitoring points from which data are derived (36) relative to 
the size of  the precinct and number of  land parcels  (hundreds) may be  inadequate  to draw 
meaningful site‐specific conclusions. This was the case with Fishermans Bend and could be a 
common challenge for other analogous brownfield re‐development precincts. As such, it should 
be made clear that the data contained within the DST is intended to complement rather than 
substitute single‐site assessments and environmental audits. Multiple communication channels 
should be set up to convey this information to as diverse a group of stakeholders as possible 
(e.g.  workshops,  information  nights/forums  and  online  platforms).  Integrating  single‐site 
assessments  and environmental audit data with precinct wide data within  the DST may be 
beneficial  in order  to  fully  capture  the  extent of  contamination  from both  local  and  larger 
plumes, albeit challenging. This was not achieved for Fishermans Bend due to confidentiality 
issues associated with sharing sensitive and private data belonging  to  individuals/businesses 
within the public domain. In order to achieve such integration, all individuals/local businesses 
within  the  precinct would  need  to  be  engaged  early  in  the  project  in  order  to  effectively 
communicate the benefits of sharing such information (e.g. join remediation efforts between 
neighbouring properties, where possible). Another potentially significant limitation is that the 
extensive  data  contained  within  the  DST  is  not  easily  accessible  or  widely  known  to 
environmental practitioners and regulators, and ultimately remains under‐utilised. Therefore, 
identifying  a  suitable  data  custodian  and  mechanism  (either  within  the  EPA  Victoria  or 
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externally) to maintain, manage and disseminate the data in the future and encourage ongoing 
collection and further interpretation of the data is recommended. 
6.2.2 Which	 suite	 of	 tracers	 is	 most	 useful	 for	 characterising	 groundwater	
recharge	 and	 quantifying	 groundwater	 residence	 times	 and	 sources	 of	
salinity	at	Fishermans	Bend?	
In chapter 3 stable isotopes of water (δ18O and δ2H) and carbon (δ13C), and radioisotopes (3H 
and 14C) were used to characterise groundwater residence times, flow paths and solute origins 
within the Port Melbourne Sand aquifer and the Coode Island Silt aquitard at Fishermans Bend. 
These  isotopic  tools  were  examined  in  conjunction  with  physical  hydrogeological  and 
geochemical  indicators.  This  methodology  clarified  the  key  physical  and  chemical 
hydrogeological processes responsible for observed groundwater quality trends in the setting, 
which are vital to the proper analysis and interpretation of groundwater contamination sources 
and mechanisms.  
For example, in conjunction with hydrographs and major ion compositions, stable isotopes of 
water (δ18O and δ2H) and 3H activities in the Port Melbourne Sand aquifer clearly demonstrated 
meteoric  water  as  the  key  source  of  recharge  to  the  shallow  aquifer.  Stable  isotopic 
compositions generally plotted on or between  the winter and summer  local meteoric water 
lines (LMWL) and 3H activities were similar to those recorded in Melbourne rainfall (Tadros et 
al., 2014), indicating recharge by modern rainfall with short groundwater residence times. 
In contrast, stable isotopes of water within the Coode Island Silt aquitard were higher than in 
groundwater from the Port Melbourne Sand aquifer, plotting along an approximate trend line 
between  the Melbourne  average weighted  rainfall  and  the  values  of  the  Yarra  River.  The 
isotopic  data  therefore  helped  to  demonstrate mixing  between  these  two  end‐members, 
consistent with  saline  groundwater  recorded  in  the  aquitard  and molar  ratios  reflective  of 
typical  ocean water,  indicating  relict  salts  emplaced  as  porewater  at  the  time  of  sediment 
deposition. 3H activities above background levels indicated a component of modern recharge 
as well, likely sourced by ingress from the adjacent Yarra River.  
A particularly powerful tool for demonstrating mixing and evaporation  in different bodies of 
water is a plot of δ18O against chloride concentrations in groundwater, along with calculation of 
two‐component mixing ratios based on these two tracers. In chapter 3 it is demonstrated that 
significant evaporation affects groundwater within the shallow aquifer (likely during recharge 
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infiltration), whilst mixing with surface water (specifically  ingress from the Yarra River)  is the 
dominant process occurring in the aquitard. 
Analysis  of  δ13CDIC,  and  3H  in  conjunction  with  a  comparison  of  ratios  of  major  ions  in 
groundwater across Fishermans Bend helped constrain residence times and demonstrated the 
processes  accounting  for  enrichment  of  δ13CDIC,  including  decay  of  organic  waste  and 
methanogenesis  in  landfill  leachate‐impacted  bores,  and  carbonate  dissolution  from  shell 
material. In this case, the 14C data were of relatively limited value in examining landfill impacts 
(relative to cost), however as in all such cases, the use of multiple lines of evidence is the best 
approach and it is difficult to know a priori which isotopic tracers are likely to provide strong 
evidence to support interpretations of this kind. 
Overall,  chapter  3  demonstrated  that  hydrochemical  and  isotope  data  may  be  used  to 
understand  the  hydrogeological  framework,  geochemical  processes  and  groundwater  flow 
processes, all of which are a necessary part of baseline characterisation of groundwater within 
urban  re‐development precincts. Few previous studies have used  these  techniques with  the 
express purpose of providing information to aid future site‐specific groundwater contamination 
investigations in such precincts. 
6.2.3 Are	PFAS	present	in	the	groundwater	at	Fishermans	Bend	and	if	so,	can	the	
concentrations	 and/or	 ratios	 of	 different	 PFAS	 be	 used	 to	 distinguish	
different	 contamination	 sources,	 for	 example,	 enhancing	 delineation	 of	
legacy	landfill	impacts	on	groundwater?		
Chapter 4 described  the  collection of groundwater  samples  for PFAS analysis  from  thirteen 
bores installed directly in waste material and down‐gradient from legacy landfills at Fishermans 
Bend. Between one and fourteen PFAS were detected in the groundwater at all sampled bores 
and perfluorooctanesulfonate  (PFOS), perfluorohexane  sulfonate  (PFHxS), perfluorooctanoic 
acid  (PFOA) and perfluorobutane sulfonate  (PFBS) were detected  in all samples. The sum of 
detected PFAS (∑14PFAS) varied from 26 ng/L at an ambient background location to 5,200 ng/L 
near a potential industrial point source. 
Positive correlations between ∑14PFAS, PFOA and other perfluoroalkyl carboxylic acids (PFCAs) 
(e.g. PFHxA) with typical landfill leachate indicators including ammonia‐N and bicarbonate were 
clearly demonstrated  in the first section of chapter 4 (publication 2). A strong positive  linear 
correlation  (R2  =  0.69) was  demonstrated  between  the  proportion  of  PFOA  in  the  sum  of 
detected  perfluorinated  alkylated  acids  (PFOA/∑PFAA)  and  ammonia‐N  concentrations  in 
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groundwater.  This  finding  was  consistent  with  previous  research  showing  relatively  high 
PFOA/∑PFAA in municipal landfill leachates, and more conservative behaviour (e.g. less sorption 
and reactivity) of PFCAs during subsurface transport compared to PFSAs (Hamid et al, 2018). 
Comparison  of  PFOA/∑PFAA  from  this  research  to  Aqueous  Film  Forming  Foams  (AFFF), 
manufacturing  and wastewater  sources demonstrated promise  in  the  use of  the  ratio  as  a 
diagnostic tool for PFAS source identification.  
Future  research  involving  larger  sample  sizes  from  analogous  settings  worldwide  is 
recommended to verify the effectiveness of PFOA/∑PFAA as an indicator of PFAS derived from 
municipal landfill leachate compared to other possible sources. To the authors’ knowledge, this 
aspect of the research represents the  first published data showing concentrations of a wide 
range of PFAS in groundwater down‐gradient from legacy landfills. 
The second section of chapter 4 (publication 3) built on the first by incorporating PFOA/∑PFAA 
into an existing geochemical index ‐ ‘leachate to native’ (L/N) cation ratios (Mulvey, 1999) ‐ for 
the enhanced detection and delineation of landfill leachate impacts on groundwater. Statistical 
analyses (independent t‐tests) demonstrated significant differences between the means of the 
leachate‐impacted versus non‐impacted groundwater using the new ‘modified L/N ratios’ (p = 
.006), whereas no significant differences were  found between  the means of  the  two groups 
using the existing ‘standard L/N ratios’ (p = .063). A statistically significant difference was also 
demonstrated between  landfill waste types (municipal versus  industrial, construction and/or 
demolition) for the modified L/N ratios, demonstrating that the modified index (compared to 
the standard index) is a much more sensitive indicator of both the existence and type of landfill 
leachate impact on groundwater. 
The research demonstrated in chapter 4 has wider significance for environmental regulation of 
urban re‐development projects worldwide, as many such projects occur  in settings with  long 
histories  of  both municipal  and  unregulated  landfilling.  To  date  there  are  few  established 
methods with which to  identify and separate contamination of groundwater from such sites 
from  other  possible  sources  (e.g.  sewer  leakage,  industrial  contamination,  natural  organic 
matter decay). The new, more sensitive  index may therefore be applicable within analogous 
urban  re‐development  precincts worldwide.  As  such,  sampling  of  groundwater  in  areas  of 
suspected landfill leachate impact would benefit from analysis of PFAA along with conventional 
hydrochemical indicators, and calculation of L/N ratios incorporating PFOA/PFAA. 
One limitation of this research is that repeat sampling of PFAS was not able to be conducted, 
due to time and resource constraints. Future research involving the analysis of different ratios 
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of PFAS  and  the new modified  L/N  index would benefit  from both  larger  sample  sizes  and 
multiple sampling rounds conducted over different seasons, to strengthen and/or supplement 
the findings presented in chapter 4.  
6.2.4 Which	 heavy	 metals	 are	 commonly	 present	 in	 the	 groundwater	 at	
Fishermans	Bend	and	what	statistical	and/or	geochemical	tools	are	suitable	
for	delineating	different	sources	of	metals	in	groundwater?	
Chapter 5 described the collection of groundwater and soil samples for heavy metal analysis 
from all 36 bores spread across the Fishermans Bend precinct. Metals analysed included arsenic 
(As),  cadmium  (Cd),  chromium  (Cr)  (total),  copper  (Cu),  iron  (Fe), mercury  (Hg), manganese 
(Mn),  lead (Pb), nickel (Ni), selenium (Se) and zinc (Zn), and used both XRF profiling and sub‐
sampling  using  conventional  laboratory  techniques.  All  metals  were  detected  in  fill  and 
soils/sediment, and all metals except Hg and Se were detected in groundwater.  
A method for heavy metal source separation in groundwater was subsequently developed and 
demonstrated. The specific objective was not to evaluate heavy metal behaviour on the micro‐
scale  across  240  ha  of  land,  but  rather  to  develop  a method,  based  on  extensive  regional 
datasets  that  comprise  the  types  of  data  routinely  collected  in  contaminated  land 
investigations,  to  characterise  the  most  likely  source(s)  of  heavy  metals  in  underlying 
groundwater. The method demonstrated  in chapter 5 therefore uses a mix of statistical and 
geochemical tools as multiple lines of evidence for heavy metal source delineation. Specifically, 
the method includes three steps; statistical categorisation of the data, analysis of soil leaching 
values and fill/sediment X‐ray fluorescence (XRF) profiling.  
The  new method  identified  two major  sources  of  heavy metals  in  groundwater  across  the 
Fishermans  Bend  precinct:  1.  point  sources  from  local  or  up‐gradient  groundwater 
contaminated by  industrial activities and/or  legacy  landfills; and 2. contaminated  fill, where 
leaching of Cu, Mn, Pb and Zn was observed. Chapter 5 showed that the method is effective in 
determining the  likely contribution of these different metal sources to groundwater, helping 
inform more detailed contamination assessments being completed on a ‘site‐by‐site’ basis. 
One limitation of the method is that it is relatively simplistic in terms of informing heavy metal 
behaviour. All of the data analysed were total metals concentrations; no substantial analysis of 
leaching behaviour, metal speciation or dependence on redox conditions (for example) were 
conducted. The method proposed therefore cannot and should not replace other more detailed 
techniques  for  the  assessment  of  heavy  metal  transport  and  mobility,  such  as 
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geochemical/solute  transport modelling.  It  is  suggested  that  in  cases where a detailed  site‐
specific  assessment  of  metal  source(s),  mobilisation  and  transport  are  required,  that  the 
method demonstrated  in chapter 5 could be used as a first‐pass regional assessment tool,  in 
conjunction with detailed modelling at the site‐specific scale, informed by leaching tests and/or 
other experimental data.  
6.3 Final	conclusions	
This study has addressed the research aims outlined in chapter 1 and added to the international 
body of knowledge regarding groundwater contaminant sources in areas of complex land‐use 
history, and their relationship to wider physical and chemical hydrogeological processes. 
Little  understanding  of  the  extent  of  groundwater  contamination  and  the  hydrogeology  of 
Fishermans Bend was available prior to this study. Due to the multiple contaminant sources, 
complex land‐use history and combination of natural and artificial controls on the groundwater 
flow and hydrochemical regime, it will be challenging to attribute observed groundwater quality 
characteristics  to  relevant  controls,  and  separate  potential  diffuse  and  point  sources  of 
contamination as urban  re‐development progresses. A GIS‐based Decision Support Tool and 
framework  for  the  assessment  of  groundwater  contamination  at  the  precinct  scale  were 
therefore  developed,  along with  a  series  of  isotopic,  geochemical  and  statistical  tools  and 
analytical methods, building on existing methods. Together these tools will assist in overcoming 
the challenges outlined, which are common to the assessment of contaminated groundwater 
in many analogous settings worldwide.  
Some  of  the  particularly  novel  aspects  of  the  research  include  the  determination  of 
concentration ranges and proportions of PFAS in groundwater impacted by contamination from 
legacy  landfills and other  localised  inputs,  in an area  including former  industrial facilities and 
multiple  landfill sites which accepted different waste types over a  long period. To date there 
are  few  if  any  other  published  datasets  of  this  kind,  and  as  such  the  study  has made  an 
important  contribution  to  the  growing world‐wide  database  of  PFAS  occurrence  in  various 
settings and media. 
The  techniques proposed  to distinguish  landfill  leachate  contamination  from other possible 
sources, and separate heavy metals derived  from  leaching of artificial  fill as opposed  to up‐
hydraulic gradient groundwater plumes, represent some of the first such methods of their kind. 
Modifications  to  these  methods  may  be  required  depending  on  local  settings  and 
hydrogeological/geochemical  conditions;  however,  these  methods  (in  current  or  modified 
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form) promise  to allow  for enhanced  identification of  the sources of key contaminants  that 
represent health and environmental risks in many similar settings worldwide. 
Further  research  is suggested whereby  the  tools and methods developed  in  this project are 
applied to the analysis of groundwater in analogous urban re‐development precincts and other 
hydrogeological  settings,  to  verify  their  effectiveness  and  robustness  and  help  resolve 
uncertainties  with  respect  to  contaminant  sources  in  other  regions.  This  will  ultimately 
contribute  to  reducing  health  and  environmental  risks  associated  with  contaminated 
groundwater more effectively and efficiently. 
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Introduction 
 
 
This report sets out the research approach and findings from community engagement activities that 
were undertaken as part of the CRC-CARE funded research project, Integrated decision-making 
methodology and tools for ground water remediation. 
 
The research activity focused on the community of people living and working around the Fishermans 
Bend Urban Renewal Area (FBURA), and those who have an active interest in the FBURA.  
 
The aim was to investigate how community members understood contamination at Fishermans Bend 
(survey), and how they responded to an early version of the proposed GIS ‘tool’ mapping groundwater 
contamination created by RMIT researchers from data collected at the Fishermans Bend site (focus 
groups). 
 
 
 
 
 
Methodology 
 
The research methodology included:  
1) A review of community engagement methodologies used by salient authorities 
 
2) A desk-top analysis of material related to Victorian Government community engagement with 
those interested in the FBURA; and  
 
3) Stakeholder engagement processes (survey and focus group workshops) that aimed to elicit 
perceptions of contamination at Fishermans Bend, and preferences for the ground water 
contamination data visualisation tools created by the research project.  
3 
 
  
Background 
 
The research project originated as a result of the rezoning of land between the current city centre of 
Melbourne and Port Philip Bay in July 2012; moving over 240 hectares from a mix of industrial and 
commercial uses to a Capital City Zone. The aim was to extend the reach of the city to the bay and 
create a new suburb by redeveloping the old industrial area to accommodate around 80,000 residents 
by 2050. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                 Image 1.The first 4 parcels of land rezoned by the State Government 
 
 
 
The initial rezoning was mired in political controversy, as the State Minister for Planning took control 
from the two local councils, which had previously been responsible for the land, and opened the way 
for significant high rise development in the area, without providing a clear planning process. As a 
result, there was a great deal of public community opposition and in response, in September 2013, 
the Government released a Draft Vision and set of Interim Design Guidelines and also established a 
Public Consultation Program and  a public engagement process that ran for 10 weeks, from 16 Sept 
to 22 Nov 2013.  
 
In July 2014, the Metropolitan Planning Authority released the Fishermans Bend Strategic Framework 
Plan, to provide high-level guidance on the development of Fishermans Bend. However, the presiding 
Liberal-Coalition Government was defeated in the November 2014 State election and a Labor 
Government was voted into office. 
In April 2015, the new Minister for Planning announced a review of the existing Fishermans Bend 
Strategic Framework Plan and established a Ministerial Advisory Committee populated with 
independent experts and community representatives. Interim mandatory maximum building heights 
were put in place for the existing Fishermans Bend area applying to all development applications 
lodged after 17 April 2015 (and expiring on 17 April 2017).  A further 205 hectare industrial and 
commercial precinct was added to the area for renewal; the Fishermans Bend Innovation Precinct. By 
October 2015, the Advisory Committee had provided its first report to government and in February 
2016, the Minister for Planning released his response to this report, adopting 34 of the 
recommendations in full and six recommendations in part.  
 
A new Taskforce was established to drive strategic planning for Fishermans Bend. The Fishermans 
Bend Taskforce immediately undertook wide ranging community engagement on the Fishermans 
Bend Recast Vision that ran for five weeks from Friday 27 May to Friday 1 July 2016, and the 
resulting Fishermans Bend Vision was released in September 2016. 
4 
 
  
At the same time as the political focus was on planning issues, understanding the level of 
contamination in the area was addressed by a series of commissioned studies. The first high level 
investigation was undertaken in 2012 by Golder Associates (Golder, 2012). This assessment 
concluded that, “Overall most of precinct land parcels were categorised as medium risk which 
indicates the area is likely to be moderately contaminated [and] … some land parcels assigned high 
risk rankings will likely require significant soil remediation and potentially active groundwater 
remediation (Golder, 2012:25)”. The report made a range of recommendations including, the need to 
undertake a precinct wide hydrogeological and groundwater quality study. The Golder study also 
provided the impetus for further exploration of groundwater and soil contamination and options for 
remediation, which were commissioned by the EPA (Vic) and carried out by AECOM (AECOM, 2015; 
2016a; 2016b). The groundwater study that underpins this research project took place in conjunction 
with the AECOM work. 
 
Thus over a period of four years, from 2012 to 2016, the process of planning for a new Fishermans 
Bend residential and mixed use suburb was subject to intense public political debate, significant 
changes in government policy and processes, alterations to the government’s vision for the area, 
restructuring of the managing authorities, as well as a range of broad community consultations and 
interactions; alongside the necessary work to understand the level of contamination of the old 
industrial area in order to inform the coming re-design and reconstruction of the area. 
 
 
 
Community Engagement 
 
Community engagement took note of both the CRC-CARE stakeholder engagement guidelines (CRC-
CARE, 2014) and the Victorian government engagement guidelines (State Government of Victoria, 
2005). The project also underwent a detailed review of engagement methodology as part of the RMIT 
University research ethics approval process. 
 
 
CRC-CARE 
This project followed the CRC-CARE guidelines for stakeholder engagement (CRC-CARE, 2014), 
with some minor variations. 
 
Definition of stakeholder and/or community 
The definition of community used for this project differs slightly from the definition provided by 
CRC-CARE: 
Stakeholder is often used interchangeably with the term community. For the purposes of this 
guideline, stakeholder means an individual, group, organisation or other entity that may be 
interested in, or affected by, the remediation and management of a contaminated site. 
Depending on specific site circumstances, stakeholders may include residents, site owners, 
public health officials, government regulatory authorities, media, businesses working on site, 
and environmental or other action/interest groups, as well as site owners and people 
working on the project (CRC-CARE, 2014:8). 
 
 
The groups not actively engaged so far in this project are professional environmental consultants who 
may be engaged to work on a site such as the Fishermans Bend Urban Renewal Area. These 
professionals will be engaged using a different approach at a later stage in the project. Otherwise the 
definition of community stakeholder matches the groups approached to participate in this study. 
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Form of Engagement 
The form of engagement included both an anonymous online survey and two focus group 
discussions. The aim was to gain insights into how the community would view and be able to use a 
GIS-base tool related to groundwater contamination at Fishermans Bend. 
 
The engagement was complicated by the parallel engagement led by the State Government, which 
focussed on the planning issues for the area. Care was taken to explain clearly in all communications 
that this project was a University research project, funded by CRC-CARE and with the EPA (Vic) as a 
partner, but the project is separate to the EPA's formal work at FBURA under its position as a 
statutory authority of the State of Victoria. 
 
The following table, taken from the CRC-CARE guidelines, shows where the project’s approach 
followed the guidelines and where it differed. 
 
Approach 
 
When the approach is used Promise being made This project’s 
promise 
INFORM  
Promote 
awareness & 
educate 
• A decision has already been made 
or there is no opportunity to 
influence the final outcome.  
 
• The issue is relatively simple. 
 
We will keep you informed  
CONSULT  
 
Seek input / 
feedback 
• Decisions are still being shaped. 
There may not be a firm 
commitment to do anything with the 
views collected—but this is clearly 
communicated 
We will keep you informed, 
listen to and acknowledge 
your concerns, and provide 
feedback on how 
stakeholder input influenced 
the decision. 
We will listen to 
your opinions and 
take your views 
into account as we 
develop this tool. 
INVOLVE 
Foster meaningful 
discussion 
There is a need for two-way 
discussion amongst, and with, 
stakeholders.  
 
• There is a real opportunity to 
influence the final outcome. 
We will work with you to 
ensure that your concerns 
and issues are directly 
reflected in the alternatives 
developed and provide 
feedback on how 
stakeholder input influenced 
the decision. 
 
COLLABORATE 
Facilitate 
consensus 
There is a need for stakeholders to 
talk to each other regarding 
complex, value-laden issues.  
 
• There is capacity for stakeholders 
to shape decisions that affect them. 
We will support you to 
provide direct advice and 
innovation in formulating 
solutions and incorporate 
your advice and 
recommendations to the 
maximum extent possible. 
 
EMPOWER 
Provide an 
effective forum for 
stakeholder 
decisions 
Stakeholders have accepted the 
challenge of developing solutions 
themselves.  
 
• There is an agreement to 
implement solutions generated by 
the stakeholders. 
We will implement what you 
decide. 
 
 
Table1. CRC-CARE Guideline approaches to community engagement and the project’s promises. 
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 RMIT University Ethics 
The RMIT Ethics process requires that all people who are requested/recruited to be part of a research 
project are presented with a ‘plain language statement that clearly outlines the project (Appendix 1). 
Anyone who decides to take part in a project must also sign a consent form (Appendix 1). 
The following wording for the project was negotiated with the EPA (Vic) to ensure there was no 
confusion over the status of the project: 
RMIT University has been successful in obtaining a research grant from the Cooperative 
Research Centre Contamination Assessment and Remediation of the Environment (CRC 
CARE) to develop an information management and visualisation database (using a GIS 
platform) to provide precinct-level information to people who may be involved in, or have an 
interest in, decisions regarding groundwater contamination management and remediation. 
The case study for this project is the Fishermans Bend Urban Renewal Area (FBURA), where 
the Environment Protection Authority Victoria (EPA) has recently commissioned and 
published a groundwater assessment. EPA is a partner in this research project. However, this 
research project is separate to the EPA's formal work at FBURA under its position as a 
statutory authority of the State of Victoria. 
 
 
State Government’s Community Engagement 
Although the State Government’s community engagement for Fishermans Bend is mainly focused on 
a vision for the new suburb and managing planning issues, there was also some engagement on the 
industrial legacy of contamination in the precinct. The following is a compilation of the State 
Government’s publicly available information on community responses to contamination from two 
significant consultation periods on Fishermans Bend. 
 
 
State Government: First round of consultations 
The first round of community consultation took place over ten weeks between 16 September and 22 
November 2013. It was managed by the Capire Consulting Group, a specialist community 
engagement company. The consultants interacted with “over 600 people making submissions, 
attending workshops or completing the online survey” (Capire, 2013:3). The findings related to 
contamination are summarised in the following chart. 
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Image 2: Chart of the level of agreement with specific statements related to environment and sustainability at Fishermans Bend (Capire, 2013:20)  
 
As can be seen from the chart (image 2), two local councils, and an unspecified number of ‘informed community groups’, agreed that the Fishermans Bend 
development needs to have a contaminated land management strategy. There was some agreement from the ‘general public’ and from ‘peak bodies’ that a 
strategy was needed. However, within the body of the text Capire also noted that:  
 
Submissions consistently expressed concerns that sea level rises, flooding and soil contamination will negatively impact on redevelopment of the 
area and in particular built form at street level” (Capore,13:28).
 
 
The following statement was made in the summary section on peak bodies and industry key 
messages:  
 
There were concerns about contamination issues, how the extent of contamination would be 
identified and who would pay for remediation (Capire, 2013:30) 
 
State Government: Second round of consultations 
The second round of community consultations took place over five weeks from 27 May to 1 July 2016. 
The engagement was managed by the Fishermans Bend Ministerial Advisory Committee. It included an 
invitation to submit responses to the plan. All published written submissions were scanned for references 
to contamination and the results show that: 
- Three of the ten community group submissions referred to contamination issues. 
- One of the eleven industry submissions referred to contamination 
- Two of the three local government submissions referred to contamination 
- None of the seventeen individual submissions referred to contamination. 
 
The community concerns were: 
 
"Specific consideration is required to deal with both the geology of the area and the high and as yet 
not fully documented issue of soil contamination … " Submission 2, Fishermans Bend Network 
 
"Moreover, we are concerned that construction may release contamination into the water table, with 
devastating consequences for gardens and parkland irrigated from this source; and for established 
trees whose root systems have reached the water table." Submission 7, Port People Inc. 
 
“SPURR vision … clean air, clean soil and clean water. Sources of pollution should be eradicated. All 
sites should be remediated before building permits for sensitive uses are issued. Developments for 
non-sensitive uses should also be remediated to ensure the water table remains free of 
contaminants". Submission 9, South Port Urban Responsible Renewal (SPURR) 
 
 
State Government: Third round of consultations 
The third round of consultations took place over 16-27 November 2016 
The report from this set of consultations does not include any references to contamination or 
remediation; it focuses on the planning and vision for the development of the new suburb. In excess of 
200 significant (meaningful or long) conversations occurred (State Government of Victoria, 2017:2) 
http://www.fishermansbend.vic.gov.au/fishermans-bend/news_feed/development-of-the-draft-
fishermans-bend-framework-public-engagement-report-now-available 
 
 
Environment Protection Authority (Vic)  
The Fishermans Bend project is large enough to have its own web presence within the EPA (Vic)’s 
website: http://www.epa.vic.gov.au/our-work/programs/fishermans-bend-urban-renewal-area 
 
The website contains a number of links to pages on the site; 
• EPA’s role in Fishermans Bend 
• Key legislation and policies that apply in Fishermans Bend 
• The environmental challenges at Fishermans Bend 
• Q&As on Fishermans Bend 
 
The ‘Q&A on the Fishermans Bend’ link is renamed as ‘Q&A on the Fishermans Bend groundwater 
studies’ when you scroll down to it. Each link opens to provide a written answer to the link question 
and often includes links to other websites or relevant documents. The three AECOM reports are 
located under the link, ‘Can I read the full reports?’ 
 
• Why are groundwater studies required? 
 • How are the studies funded? 
• What are the objectives of the groundwater studies? 
• Where was groundwater testing conducted for part 1? 
• Is investigation of soil contamination part of the groundwater studies? 
• How was part 1 of the study conducted? 
• What were the key findings of the part 1 groundwater study? 
• Can I read the full reports? 
• What do the key findings mean for groundwater users in Fishermans Bend? 
• What does it mean for land-use planning in Fishermans Bend? 
• How can the studies be used in site assessments during development? 
• What does it mean for below-ground construction and maintenance work? 
• How will the community be kept informed? 
• What is the community forum? 
• What is the local councils’ role in this project? 
 
 
Project Findings 
The State Government, through the Environment Protection Agency, are partners in this research 
project and permission was sought – and granted – for the engagement processes to go ahead. 
Survey 
A short online survey (powered by the Qualtrics platform) was conducted to understand; how people 
perceived groundwater and soil contamination in Fishermans Bend; where they would go for 
information about contamination and in what format they would like the information to be provided. 
This survey ran from 20 October to 27 November 2016. 
 
Twenty-four people responded to the survey. The majority worked for a local council (or government 
body with an interest in Fishermans Bend) or belonged to a special interest group such as a local 
community group or an environment group. 
 
In terms of understanding the issues; the majority felt that they had a ‘good’ or ‘fair’ understanding of 
soil and groundwater contamination and a ‘fair’ understanding of how contamination is cleaned up. 
Interestingly a majority felt that they had only a ‘fair’ or ‘poor’ understanding of both how 
contamination is investigated and of the regulations dealing with contamination. 
 
In terms of the contamination at Fishermans Bend; the majority thought that the condition of both the 
soil and the water at Fishermans Bend was ‘poor’ (41 per cent) or very poor (27 per cent). 
 
When asked “where would you go to find information ..?” The choices were in order of preference: 
websites, followed by written reports and then stories in the media. Similarly to the question, “What 
format would you would find most useful for understanding and visualising information about any soil 
and groundwater contamination and clean-up at Fishermans Bend?” the majority preferred a website, 
followed by a report or brochure. 
 
Although the survey responses were limited, the results reflect the findings of the larger State 
Government community engagement. Namely, the people in the general community interested in 
contamination issues at Fishermans Bend are those that are engaged in local community groups or in 
local councils, noting that this survey did not reach specific commercial interests such as developers 
or consultants. 
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 Focus Workshops 
Two focus group workshops were held to gain insights into how community members would 
understand and respond to an early version of the proposed GIS decision-support tool mapping 
groundwater contamination and a range of other relevant layers, created by RMIT researchers 
(predominantly the PhD candidate, Ms Emily Hepburn) from data collected at the Fishermans Bend 
site. The focus groups were both held at the RMIT University Melbourne city campus and each took 
two hours. The format was the same for both workshops; a welcome and introduction was followed by 
a presentation of the research findings and subsequent clarification questions. A refreshment break 
was followed by an open discussion lasting about an hour and structured around the following three 
broad areas of enquiry: 
 
1. Was the information easily understood? (What was the clearest message? What was confusing or 
unclear?) 
2. Was the information useful? (What information was most useful? What information was missing? 
Which map format did you like the best? Why? What would make the information more useful? 
3. How would you use this information? (Why would you look for this sort of information? What 
would you use this information for?) 
 
The first workshop was held on 13 December 2016 between 5:30 to 7:30 pm. Present were: four 
members of the community (two men and two women); three members RMIT, Matt Currell (project 
leader), Emily Hepburn (doctoral candidate) and Jane Mullett (workshop facilitator); and two members 
of the EPA: Anne Northway (senior scientist), Ernie Sanchez (observer) 
 
The second workshop was held on 19 January 2017 between 3:30 and 5:30 pm. Present were: three 
members of the community (two men and one woman); three members RMIT, Matt Currell (project 
leader), Emily Hepburn (doctoral candidate) and Jane Mullett (workshop facilitator); and one member 
of the EPA: Anne Northway (senior scientist). 
 
The workshops were very different in mood. The first workshop was dominated by anger from one 
participant who expressed a great deal of frustration with the quality of the Government’s community 
engagement processes in relation to Fisherman’s Bend planning and with the level of activity around 
remediation of contamination at Fishermans Bend. The second workshop was more collegiate in tone. 
However, many of the same issues arose and this report will collate the general learnings from both 
workshops (noting that a transcript of both workshops has been given to the designers of the tool). In 
both workshops there were members of local community groups and people with a range of 
knowledge from those with a broad scientific or academic background to those with no science or 
academic training. 
 
 
 
Question 1: Was the information easily understood? 
The presentation of the preliminary GIS-based decision support tool by Ms Hepburn gave an overview 
of the project and the conceptual model of the proposed tool, some examples of similar tools online, a 
broad introduction to groundwater contamination and terms, a description of the data collection 
procedure, and a set of draft output maps. The conversation tended to focus on the output maps and 
the following four points attempt to pick up the major topics of discussion related to the first question, 
“was the information easily understood?” 
 
 
 
 
1. Land use map 
 
This map was well understood and created little direct 
comment, although both workshops spent time 
discussing historical industrial use of the area. 
One person suggested that there was too much 
information on the map and key, and that it could be 
made simpler, with industries grouped into fewer 
categories.  
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2. Groundwater elevation and flow map 
 
This map created a lot of discussion as it provided new 
and surprising information about the direction of the 
water flow. 
People were able to interpret the flow of water 
(indicated by arrows), but only one person commented 
on the elevation indicators. 
People asked about the flow in relation to the river and potential changes to river levels under 
climate change. The conversation indicated that participants were familiar with water 
movement and comfortable talking about it. 
 
 
3. Groundwater chemistry maps 
Two maps were presented; salinity (pictured) and 
ammonia. 
 
The ammonia map was not discussed in either 
workshop, but people talked about salinity and were 
able to interpret the intensity contours. 
There was discussion of the underlying map and the 
information it provided about geological boundaries in 
relation to the levels of salinity.  "[W]hen you were using the geological overlays to 
contextualise contamination, that’s something that I think would be very valuable" 
 
 
 
4. Contaminant distribution maps 
Three maps were presented: lead (pictured) and two 
views of zinc – an intensity contour map and a point 
concentration of the zinc at each sampled bore hole. 
 
In terms of the contaminants, there were no comments 
about the zinc levels, one question was asked about 
lead, regarding whether any lead in the atmosphere was 
dissolved into the groundwater. Two participants commented they were expecting to see high 
levels of mercury and asbestos and wanted to know why they weren’t showing up, and one 
participant requested that levels of micro plastics be investigated and included in the data. 
 
The main discussion focused on the depiction of the contaminant intensity and spread.  
One person expressed a preference for depiction of point by point concentration rather than 
the contour maps. Another said it was hard to see the concentrations depicted at the bore 
holes by size, “I would encourage you to have differentiated colours for intensity and not just 
size”. 
Two people noted that the contamination continued beyond the map boundaries and it would 
be good to extend the study beyond the Fishermans Bend Precinct, “from a community point 
of view … people around and adjacent to Fishermans Bend have an interest” 
 
There was confusion about how to read the depth contours of the contamination and some 
discussion on how to manage this.  
 
 
Question 2 and Question 3: Was the information useful? and How would you 
use this information? 
The information was considered useful by all participants. The focus group sessions themselves 
functioned as information sessions, as questions raised by the participants were often answered by 
the experts in the room. As one participant put it, they believe that, "there is inadequate planning 
controls and we don’t have the base data … People have anecdotal information but want good 
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 scientific data to help with ‘best practice’ planning". Thus the participants who came to these focus 
sessions were interested in what information could be gleaned from the sessions about the type and 
level of contamination at Fishermans Bend: 
 
"[T]he feeling in many of the groups that I’m in is that there is inadequate planning control 
when we don’t even have a full understanding of what we are dealing with in terms of the site; 
in terms of the contamination profile of the site; the base information". 
 
Participants considered themselves concerned citizens who “want to get it right” 
 
"I’m also interested in the notion that this area is going to be, I guess, a showcase for how 
areas are regenerated, not just for here, there’s going to be lots of other places all round 
Victoria and all round Australia. So if we get this right then other people might learn from it. 
And the second thing is that this is a once in a lifetime opportunity and we need to get it right". 
 
 
Community group approach: 
Participants suggested ways that the information would be used within community organisations. 
Community groups would use the data to: 
 
-  support their role as an information provider to the wider community 
- to validate their understanding of contamination in the area 
- to support their efforts to bring about greater review and scrutiny of contamination identification and  
  Remediation 
 
"[F]rom a community organisation’s point of view, we’ll get queries from time to time from 
members, or a group of members about, say, contaminant’s you know in the soil, or nearby 
areas, but more importantly if there was a legislative review and we decided to submission to 
a legislative review we’d look at the available information on the website and try and use it as 
best we could to make an argument for greater review and scrutiny of such and such, or an 
issue of regulation or whatever it might be". 
 
- to use in community newsletters, "[we] write news items with links to websites and government  
  department sites for the curious to go further and find out what’s going on". 
 
Citizen science and collaborative approach: 
One participant suggested using the data sets produced from this research to support other research 
work being done in the area and engaging the community through a 'citizen science' program to 
continue to take measurements from the publicly accessible bore holes into the future. 
 
General observations from the two workshops 
 
More clarity is needed over the following issues for a community level accessible tool.  
 
Interpreting the data is not necessarily easy, it requires knowledge and understanding and some time 
was spent in both workshops explaining the science to participants. There is a great deal of difference 
between providing a set of information that can be used by consultants and others, with a scientific 
understanding of contamination and remediation issues, and concerned citizens with no scientific 
grounding. The developers need to decide on the primary audience for the 'tool'.  
 
The aim of the study: 
Responses to participants’ questions about the study drew out the following information from the 
research team.  
- It will be used to characterize the background condition of the groundwater and will not 
substitute for site-specific investigation.  
- It will be of use to consultants and developers, and reduce the cost of site remediation 
because this data will be available to characterise the precinct.  
- It will be of use to understand how many boreholes are needed - at what spatial coverage – to 
provide enough information to make pragmatic regional decisions. 
Level of understanding: 
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 Participants were unclear on a range of technical issues. 
- Both focus groups wanted to understand what can be expected in terms of contamination 
concentration accuracy from the number of bore holes sampled: “The thing I wasn’t really 
clear about is how effective [is] the data set you are going to gain from 38 located points at 
the moment”  and “ [the government needs to] put 5 or 6 million bucks into it to do another 
300 holes” 
- Both groups included participants who relied on anecdotal information about contamination 
from previous industrial sites in the precinct but without reflection on the accuracy of this 
information, “talking to the old blokes whose dads used to work there; we’ve found out more 
information about what’s going on there than we have through half the documents". 
- Participants had not explored the publicly available data on existing environmental audits, nor 
had they read the AECOM reports on the EPA site. 
- Participants were not always clear about the difference between this groundwater 
contamination study and a study that looked at soil contamination. 
- Participants did not always know what the contamination levels implied, for example, the 
difference between water quality standards for human consumption and for industrial use. 
Participants requested that a measurement scale be included on the maps and on the data 
from individual bore holes that indicated the safe level of the contaminant for human health 
and for the environment. 
- Understanding the depth of the groundwater and the relationship between that and the 
contamination is a very important consideration. Similarly, understanding the depth of the 
contamination is also very important. 
- Participants asked for clarity around definitions, for example the difference between the terms 
'pollutant' and 'contaminant'. 
 
 
There were two suggestions for alternative ways to present the data: 
- a narrative approach, interpreting the data through words and story; " take say nickel for example 
and just start at the top and here’s what we found when we drilled that first one metre and the 
further we went down it looked like this". This leads to the possibility of adding a separate layer of 
text that interprets the data. 
 
- provide the data in depth layers; "select your depth, and then what did the 38 bore holes at that 
depth show for each metal and scroll through, as a series of maps, going from shallow to deep"  
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Fig. S0‐1 Flowchart showing three key stages of brownfield re‐development and incorporating the DST applicable at the precinct scale 
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Placement of this simple DST within the overall process of brownfield re‐development  is shown  in 
Figure  S1.  Three  key  stages  of  this  process  are  identified;  1)  site/precinct  identification  and 
prioritisation for re‐development, 2) site/precinct assessment with respect to potential re‐use options, 
and 3) site/precinct remediation and re‐development. Each stage is summarised in terms of the key 
criteria considered, and examples of tools currently available to aid decision‐makers at each stage are 
listed. The DST is implemented at stage 2 of the process, where re‐use options are assessed based on 
an  integrated  analysis  of  criteria,  including  remediation  cost  estimates,  risk  assessments,  social 
concerns,  sustainability  (e.g.  energy  efficient  buildings  and  designs), market  appraisals  (e.g.  land 
values), and feasible planning options (e.g. based on proximity to existing infrastructure and services). 
Information gleaned from the tool may inform certain criteria involved in either stage 2 or stage 3 of 
the process, where knowledge and understanding of sub‐surface conditions (e.g. contamination)  is 
required. 
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Table S1 Exhaustive list of all data and GIS layers produced as part of the Fishermans Bend decision support tool 
Category  Type  Date 
Collected 
Collector  Analysis method  
(and data source) 
Format 
Dissolved  metal 
concentration in 
groundwater 
(mg/L) 
Al, As, Cd, Cr, 
Cu,  Fe,  Mn, 
Ni, Pb, Se, Zn 
Nov 2015  EPA/RMIT  ICP‐MS (ALS*)  Contour (.shp); 
point (.shp);  
raw (.xlsx) 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
May 2017  RMIT 
Total‐metal 
concentration in 
groundwater 
(mg/L) 
Nov 2015  RMIT  ICP‐MS (ALS)  Raw (.xlsx) 
May 2016  RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
Metal 
concentration in 
fill/soil/ 
sediment‐at 
multiple  depths 
(mg/kg) 
As,  Cd,  Cr, 
Cu,  Fe,  Mn, 
Ni, Pb, Zn 
Nov 2015  RMIT  XRF (RMIT) 
(including subset via  
ICP‐AES (ALS)) 
Vertical profiles – 
raw  and 
normalised  to  Fe 
(.xlsx); raw (.xlsx) 
Ag,  Ba,  Ca, 
Cl, Co, Hg, K, 
Mo, P, Rb, S, 
Se,  Sb,  Sn, 
Sn, Sr, Ti, Zr  
Nov 2015  RMIT  XRF (RMIT) 
 
Raw (.xlsx) 
PFAS 
concentration in 
groundwater 
(ng/L) 
Seventeen 
PFASs 
July 2017  RMIT  SPE and LC‐MS (RMIT)  Point  (.shp);  pie 
chart  (PFAS mass 
fractions)  (.shp); 
raw (.xlsx) 
Major‐ion 
concentration in 
groundwater 
(mg/L) 
NH3‐N, 
HCO3‐,  K,  Cl, 
Mg,  Na,  Ca, 
NO3‐‐N,  NO2‐
‐N,  Total  N, 
SO42‐, F‐ 
Nov 2015  EPA/RMIT  Various (ALS)  Contour (.shp);  
point  (.shp);  raw 
(.xlsx) 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
May 2017  RMIT 
Other 
contaminants  in 
groundwater 
(various units) 
CH4,  Cr(III), 
Cr(VI),  Fe2+, 
TOC,  E.  Coli, 
TRC,  Faecal 
coliforms, 
Free chlorine 
June 2016  RMIT  Various (ALS)  Point  (.shp);  raw 
(.xlsx) 
CH4,  Fe2+, 
TOC, DOC 
May 2017  RMIT  Various (ALS)  Some  point 
(.shp); raw (.xlsx) 
Field 
parameters  in 
groundwater 
TDS  (mg/L), 
pH,  ORP 
(mV),  temp 
(°C),  DO 
(mg/L) 
Nov 2015  EPA/RMIT  HACH  HQ40d  or  YSI556 
handheld  water  quality 
meter (RMIT) 
Contour (.shp); 
point (.shp);  
raw (.xlsx) 
Mar 2016  RMIT 
Apr 2016  RMIT 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
Oct 2016  RMIT 
May 2017  RMIT 
Isotopes‐in 
groundwater 
δ2H and δ18O 
(‰) 
May 2016  RMIT  Picarro‐Cavity Ring‐Down 
Spectroscopy (ANSTO#) 
Raw (.xlsx) 
May 2017  RMIT 
δ13CDIC (‰)  Jun 2016  RMIT  Delta  V  Advantage 
Isotope‐Ratio  MS 
(ANSTO) 
Raw (.xlsx) 
Aug 2016  RMIT 
3H (TU)  May 2016  RMIT  Liquid‐scintillation 
spectrometry (ANSTO) 
Raw (.xlsx) 
  Aug 2016  RMIT 
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14C (pMC)  May 2016  RMIT  ANTARES  10MV  tandem 
accelerator MS (ANSTO) 
Raw (.xlsx) 
  Aug 2016  RMIT 
Geological units  Fill;  Port 
Melbourne 
Sand,  Coode 
Island  Silt 
(CIS);  Older 
Volcanics 
(OV) 
Nov 2015  RMIT  Borehole  logging  (field 
samples;  environmental 
audit  and  consultant 
reports) 
Polygon  (.shp), 
raw (.xlsx) 
Groundwater 
elevation 
(mAHD) 
Port 
Melbourne 
Sand  aquifer 
(some  bores 
installed  in 
CIS  and  OV 
units) 
Nov 2015  EPA/RMIT  Manual  gauging  using  a 
SolinstTM  interface probe 
(RMIT)  
Contour (.shp); 
hydrograph 
(.xlsx);  raw 
(mBTOC  and 
mAHD) (.xlsx) 
Mar 2016  RMIT 
Apr 2016  RMIT 
May 2016  EPA/RMIT 
Jun 2016  RMIT 
Aug 2016  RMIT 
Oct 2016  RMIT 
May 2017  RMIT 
Climate (mm)  Rainfall; 
potential 
evapo‐
transpiration 
(mm) 
Up to June 
2018 
RMIT  Various  (Bureau  of 
Meteorology) 
Hydrograph 
(.xlsx), raw (.xlsx) 
Surface  water 
(mAHD) 
Yarra  River 
level 
Up to June 
2018 
RMIT  Manual  gauging 
(Melbourne Water) 
Hydrograph 
(.xlsx); raw (.xlsx) 
Land uses  Historical 
industries; 
legacy 
landfills; 
sewer 
network 
Nov 2015  EPA/RMIT  Aerial  photographs, 
environmental 
audit/consultant reports, 
melways, google maps 
Polygon (.shp) 
*ALS = Australian Laboratory Services 
^Perfluorobutanoic acid (PFBA), perfluoropentanoic acid (PFPeA), perfluorohexanoic acid  (PFHxA), perfluoroheptanoic acid (PFHpA) 
perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), perfluoroundecanoic acid (PFUnDA), 
perfluorododecanoic acid (PFDoA), perfluorobutane sulfonate (PFBS), perfluoropentane sulfonate (PFPeS), perfluorohexane sulfonate 
(PFHxS), perfluoroheptane sulfonate (PFHpS), perfluorooctane sulfonate (PFOS), perfluorodecane sulfonate (PFDS), 6:2 fluorotelomer 
sulfonate (6:2 FTS) and 8:2 fluorotelomer sulfonate (8:2 FTS) 
#ANSTO = Australian Nuclear Science and Technology Organisation 
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Table S0‐1 Bore details including screened intervals, lithology and standing water levels 
Bore 
ID 
Location  Construction details (mbTOC)  Lithology (mBTOC)#  Groundwater Level 
Easting   Northing 
Top of 
Casing 
(TOC) 
Elevation 
(mAHD) 
Screen 
Interval 
Gravel 
Pack 
Bentonite 
Seal 
Total 
Well 
Depth   Fill 
Port 
Melbourne 
Sand 
Coode 
Island 
Silt 
Older 
Volcanics 
Screen 
Interval 
Lithology 
Standing 
Water Level 
(SWL) 
range* 
(mbTOC) 
SWL range 
(mAHD) 
B1  316394.91  5810553.15  2.495  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐4.5  ‐  ‐  ‐  Fill  2.06‐2.95  ‐0.46‐0.44 
B2  316883.53  5810836.08  3.968  2.9‐4.0  2.4‐4.0   1.4‐2.4  4.0  0‐4.0  ‐  ‐  ‐  Fill  3.23‐3.38  0.59‐0.74 
B3  317403.56  5811235.00  3.846  3.0‐4.9  2.5‐4.9   2.0‐2.5  4.9  0‐4.9  ‐  ‐  ‐  Fill  3.01‐3.18  0.67‐0.84 
B4  317495.70  5811035.28  3.824  2.6‐5.1  2.1‐5.1   1.5‐2.1  5.1  0‐3.3  3.3‐5.1  ‐  ‐  Fill + PMS  3.03‐3.55  0.27‐0.79 
B5  317935.75  5811143.34  3.049  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐3.8  3.8‐4.5  ‐  ‐  Fill + PMS  2.18‐2.51  0.54‐0.87 
B6  316729.82  5810300.90  2.245  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐1.1  1.1‐4.0  ‐  ‐  PMS  1.71‐2.02  0.23‐0.54 
B7  317194.71  5810680.71  3.086  3.0‐5.5  2.5‐5.5   1.5‐2.5  5.5  0‐1.9  1.9‐5.5  ‐  ‐  PMS  2.62‐2.74  0.35‐0.47 
B8  317297.92  5810872.76  3.130  2.2‐4.2  1.7‐4.2   0.7‐1.7  4.2  0‐2.0  2.0‐4.2  ‐  ‐  PMS  2.61‐2.94  0.19‐0.52 
B9  317637.81  5810767.87  3.284  3.5‐5.5  3.1‐5.5   0.5‐3.1  5.5  0‐3.0  3.0‐5.5  ‐  ‐  PMS  2.70‐2.87  0.41‐0.58 
B10  318065.09  5810906.74  3.100  3.0‐5.5  2.3‐5.5   1.3‐2.3  5.5  absent  0‐5.5  ‐  ‐  PMS  2.56‐2.90  0.20‐0.54 
B11  317152.82  5810474.06  2.579  3.0‐5.1  2.5‐5.1   2.0‐2.5  5.1  0‐1.2  1.2‐5.1  ‐  ‐  PMS  2.01‐2.26  0.32‐0.57 
B12  317697.98  5810560.80  2.851  2.2‐4.2  1.7‐4.2   0.7‐1.7  4.2  0‐1.6  1.6‐4.2  ‐  ‐  PMS  2.46‐2.77  0.08‐0.39 
B13  317901.48  5811689.81  2.400  2.2‐4.2  1.7‐4.2   0.7‐1.7  4.2  0‐1.4  1.4‐4.2  ‐  ‐  PMS  2.08‐2.43  ‐0.03‐0.32 
B14  318174.41  5811683.82  2.477  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐2.5  2.5‐4.0  ‐  ‐  PMS  2.00‐2.22  0.26‐0.47 
B15  318393.83  5811564.62  2.037  1.5‐3.0  1.0‐3.0   0.0‐1.0  3.0  0‐0.8  0.8‐3.0  ‐  ‐  PMS  2.06‐2.39  ‐0.35‐‐0.02 
B16  318261.47  5811117.54  3.165  2.0‐5.0  1.9‐5.0   0.2‐1.9  5.0  0‐2.5  2.5‐5.0  ‐  ‐  Fill + PMS  2.66‐2.99  0.18‐0.51 
B17  318290.55  5811395.36  2.605  2.5‐4.0  2.0‐2.5   1.0‐2.0  4.0  0‐1.5  1.5‐4.0  ‐  ‐  PMS  2.19‐2.58  0.03‐0.42 
B18  318533.36  5811478.34  2.021  2.5‐4.0  2.0‐4.0   1.5‐2.0  4.0  0‐1.5  1.5‐4.0  ‐  ‐  PMS  1.93‐2.41  ‐0.39‐0.09 
B19  318642.63  5811353.20  1.903  2.5‐4.0  3.0‐4.0   1.0‐1.5  4.0  0‐2.5  2.5‐4.0  ‐  ‐  PMS  1.88‐2.34  ‐0.44‐0.02 
B20  318946.18  5811288.49  1.673  1.2‐3.0  1.0‐3.0   0.0‐1.0  3.0  0‐1.5  1.5‐2.9  2.9‐5.0  ‐             Fill + PMS  0.97‐1.63  0.04‐0.70 
B21  318101.97  5811275.06  3.415  2.0‐4.5  2.1‐4.5   0.5‐2.0  4.5  0‐1.9  1.9‐5.0  ‐  ‐  PMS  2.68‐3.03  0.39‐0.74 
B22  318451.65  5811145.19  2.448  2.0‐4.0  1.8‐4.0   1.1‐1.8  4.0  0‐1.6  1.6‐5.0  ‐  ‐  PMS  2.11‐2.65  ‐0.20‐0.34 
B23  318747.11  5811075.77  2.302  2.4‐5.0  1.9‐5.0   1.3‐1.9  5.0  0‐1.3  1.3‐5.0  ‐  ‐  PMS  2.46‐3.20  ‐0.90‐‐0.16 
B24  319063.09  5811183.31  1.619  1.7‐2.5  1.5‐2.5   1.0‐1.5  2.5  0‐1.6  1.6‐2.5  2.5‐5.0  ‐  PMS  0.86‐1.48  0.14‐0.76 
B25  318279.19  5810658.74  2.582  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐2.0  2.0‐4.0  ‐  ‐  PMS  2.80‐3.03  ‐0.45‐‐0.22 
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B26  318719.82  5810867.90  2.158  2.1‐4.5  1.8‐4.5   0.6‐1.8  4.5  0‐1.7  1.7‐4.5  ‐  ‐  PMS  2.30‐2.83  ‐0.67‐‐0.14 
B27  319337.66  5810985.77  1.667  1.0‐3.5  1.0‐3.5   0.4‐1.0  3.5  0‐1.2  1.2‐5.0  ‐  ‐  PMS  2.29‐2.67  ‐1.00‐‐0.62 
B28  319762.95  5811306.55  2.511  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐2.7  2.7‐4.0  4.0‐5.0  ‐  Fill + PMS   2.08‐2.36  0.15‐0.43 
B29  320094.53  5811199.72  2.002  ‐  ‐  ‐  4.0  ‐  ‐  ‐  ‐  ‐  1.79‐2.63  ‐0.63‐0.21 
CIS1  318511.98  5811770.42  1.221  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐1.8  absent  1.8‐5.2  ‐  CIS  0.64‐1.13  0.09‐0.58 
CIS2  318703.33  5811581.43  0.781  2.0‐4.5  1.6‐4.5   1.0‐1.6  4.5  0‐1.6  1.6‐1.8  1.8‐4.5  ‐  CIS  1.26‐1.63  ‐0.85‐‐0.48 
CIS3  319006.47  5811598.53  1.557  2.5‐5.5  1.5‐5.5   0.5‐1.5  5.5  0‐1.4  absent  1.4‐5.5  ‐  CIS  0.96‐1.15  0.41‐0.60 
CIS4  319277.30  5811331.14  1.487  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐0.8  0.8‐1.9  1.9‐4.5  ‐  CIS  1.15‐1.66  ‐0.17‐0.34 
CIS5  319493.56  5811327.30  1.875  ‐  ‐  ‐  7.8  ‐  ‐  ‐  ‐  ‐  2.13‐2.33  ‐0.46‐‐0.26 
CIS6  319678.82  5811135.90  1.098  1.7‐4.0  1.4‐4.0   0.8‐1.4  4.0  0‐2.2  2.2‐3.5  3.5‐4.5  ‐  Fill + PMS + CIS  1.15‐1.80  ‐0.70‐‐0.05 
B  318101.04  5811875.97  2.357  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐0.6  0.6‐4.0  ‐  ‐  PMS  1.82‐2.07  0.29‐0.54 
#Note the last logged lithology does not equate to the base of the unit (i.e. unit may extend beyond base of borehole)                
*SWL range recorded during multiple gauging events between November 2015 and May 2017               
" ‐ " denotes information unknown (pre‐existing borehole)               
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Slug tests for hydraulic conductivity 
Hydraulic conductivity (K) values were obtained from slug tests conducted in five bores (B5, B16, B17, 
B21 and B22) within the Port Melbourne Sand / Fill aquifer by inserting a 2 L slug into each bore and 
recording the change in hydraulic head every second using groundwater level loggers (InSituTM). Two 
tests were performed at each bore and K values were then calculated using Hvorslev’s (1951) method: 
K = r2In(Le/r’)/2Let0.37    (1) 
where r is the radius of the well casing, r’ is the radius of the well screen, Le is the length of the well 
screen, and t0.37 is the time at which the drawdown ratio equals 0.37. Details of these parameters and 
results of the slug tests are presented in Table S2 and Figure S1.  
In addition, slug tests were conducted in two bores screened within the Coode Island Silt (CIS1 and 
CIS3) (Table S2 and Figure S1). A 2 L slug was inserted into bore CIS1 and the change in hydraulic head 
was recorded every second using a level logger (InSituTM). At bore CIS3, three separate groundwater 
purging events were conducted whereby 2.5, 2.0 and 2.5 L were removed from the bore, respectively, 
and the change in hydraulic head was recorded every 30 minutes using a level logger (InSituTM). 
Table S0‐2 Values used in equation 2 to calculate hydraulic conductivity (K) values  
Bore 
ID 
Lithology at 
screen 
Bore screen 
length (Le) (m) 
Bore casing 
radius (r) (m) 
Bore screen 
radius (r’) (m) 
Test No.  t0.37 
(secs)* 
K 
(m/day) 
B5  Fill  2.0  0.025  0.06  1  28.6  1.65 
2  28.3  1.68 
B16  Fill  2.1  0.025  0.06  1  2.6  17.7 
2  3.9  11.8 
B17  PMS  1.5  0.025  0.06  1  2.8  20.4 
2  2.5  23.1 
B21  PMS  1.8  0.025  0.06  1  3.5  14.7 
2  2.5  20.7 
B22  PMS  1.4  0.025  0.06  1  11.5  5.31 
2  6.3  9.66 
CIS1  CIS  2.0  0.025  0.06  1  13228  0.003 
CIS3  CIS  3.0  0.025  0.06  1  61200  0.0006 
2  39600  0.0009 
3  68400  0.0005 
*t0.37 values are calculated from the charts in Figure S2 
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Figure  S0‐2  Slug  test  charts  showing  the  ratio  of  the  drawdown  in  groundwater  head  (H)  to  the  initial 
groundwater head in the bore at t0 (H0) during the test; exponential equations for the line of best fit (used to 
calculate t0.37) and R2 values are displayed on each chart. 
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Table S0‐3 Radioisotope and δ13CDIC results presented as both pMC (range of 1σ errors between 0.15 and 0.28) 
and pmc 
Bore  Unit  Sample Date  δ13CDIC (‰)  14C 
(pMC)* 
14C 
(pmc) 
B5  Fill/PMS  August 2016  ‐10.6  72.20  74.35 
B6  PMS  August 2016  ‐9.3  79.43  82.01 
B20  PMS  May 2016  ‐9.4  72.08  74.41 
B24  PMS  May 2016  ‐12.7  81.86   83.94 
B7  PMS  August 2016  ‐6.0  68.94  71.65 
B23  PMS  May 2016  ‐12.5  37.62  38.59 
B27  PMS  August 2016  ‐12.1  30.33   31.14 
CIS1  CIS  May 2016  ‐4.2  54.20  56.54 
CIS2  CIS  May 2016  ‐12.2*  70.92  72.79 
CIS3  CIS  August 2016  ‐9.6  69.10  71.30 
CIS6  PMS/CIS  August 2016  ‐10.8  34.94  35.97 
B14  PMS  August 2016  ‐14.6  60.81  62.11 
B19  PMS  May 2016  ‐18.5  61.06  61.88 
B26  PMS  May 2016  ‐17.3  58.55   59.48 
 
 
Table S0‐4 Standing water level and salinity data collected during manual gauging events between November 
2015 and May 2017; summary statistics and relationship between standing water level and salinity also 
included for each bore. 
Bore ID  Date  Time 
Depth 
to 
water 
(m) 
Height of 
the top of 
the bore 
casing 
(mAHD) 
Standing 
water 
level 
(SWL) 
(mAHD) 
Salinity (as 
Total 
Dissolved 
Solids 
mg/L) 
Negative 
relationship 
between SWL and 
salinity in this 
bore over time?  
B  16/11/2015  11:03  1.933  2.357  0.424     NO 
   17/11/2015  14:04  1.940     0.417  157    
   10/03/2016  13:25  2.049     0.308  177    
   11/04/2016  14:20  1.850     0.507  159    
   6/05/2016  14:35  2.024     0.333  149    
   16/05/2016  10:42  2.044     0.313       
   17/05/2016  14:05  2.062     0.295  143    
   10/06/2016  10:25  2.069     0.288  81    
   3/08/2016  11:40  2.067     0.290  215    
   7/10/2016  10:27  1.823     0.534  294    
mean        1.986     0.371  172    
min.        1.823     0.288  81    
max.        2.069     0.534  294    
B1  16/11/2015  8:20  2.910  2.495  ‐0.415     NO 
   20/11/2015  9:26  2.950     ‐0.455  2243    
   16/05/2016  11:31  2.428     0.067       
   17/05/2016  11:57  2.424     0.071  3679    
   11/06/2016  15:09  2.350     0.145  3519    
   4/08/2016  12:46  2.062     0.433       
   10/05/2017  12:00  1.649     0.846  3245    
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Bore ID  Date  Time 
Depth 
to 
water 
(m) 
Height of 
the top of 
the bore 
casing 
(mAHD) 
Standing 
water 
level 
(SWL) 
(mAHD) 
Salinity (as 
Total 
Dissolved 
Solids 
mg/L) 
Negative 
relationship 
between SWL and 
salinity in this 
bore over time?  
mean        2.396     0.099  3172    
min.        1.649     ‐0.455  2243    
max.        2.950     0.846  3679    
B2  16/11/2015  8:15  3.235  3.968  0.733     YES (R2 = 0.33) 
   20/11/2015  10:29  3.230     0.738  1424    
   16/05/2016  12:46  3.373     0.595       
   18/05/2016  14:10  3.375     0.593  2236    
   11/06/2016  15:30  3.380     0.588  2193    
   4/08/2016  14:00  3.249     0.719       
   10/05/2017  13:30  3.066     0.902  1856    
mean        3.273     0.695  1927    
min.        3.066     0.588  1424    
max.        3.380     0.902  2236    
B3  16/11/2015  9:05  3.040  3.846  0.806     NO 
   19/11/2015  12:10  3.040     0.806  1401    
   16/05/2016  10:45  3.179     0.667       
   17/05/2016  11:15  3.183     0.663  1364    
   4/08/2016  13:45  3.006     0.840       
   10/05/2017  12:25  2.958     0.888  1619    
   11/05/2017  8:40  2.960     0.886  1563    
mean        3.052     0.794  1487    
min.        2.958     0.663  1364    
max.        3.183     0.888  1619    
B4  16/11/2015  9:11  3.550  3.824  0.274     NO 
   19/11/2015  11:14  3.050     0.774  845    
   16/05/2016  12:34  3.189     0.635       
   17/05/2016  10:39  3.184     0.640  898    
   4/08/2016  13:41  3.033     0.791       
   10/05/2017  12:15  2.985     0.839  903    
   12/05/2017  12:15  2.990     0.834  900    
mean        3.140     0.684  887    
min.        2.985     0.274  845    
max.        3.550     0.839  903    
B5  18/11/2015  13:42  2.320  3.049  0.729  1395  NO 
   20/11/2015  9:28  2.330     0.719  1404    
   10/03/2016  11:00  2.464     0.585  1445    
   11/04/2016  11:32  2.446     0.603  1436    
   6/05/2016  11:15  2.449     0.600  1435    
   17/05/2016  9:49  2.510     0.539  1535    
   10/06/2016  13:11  2.411     0.638  1424    
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Bore ID  Date  Time 
Depth 
to 
water 
(m) 
Height of 
the top of 
the bore 
casing 
(mAHD) 
Standing 
water 
level 
(SWL) 
(mAHD) 
Salinity (as 
Total 
Dissolved 
Solids 
mg/L) 
Negative 
relationship 
between SWL and 
salinity in this 
bore over time?  
   3/08/2016  10:26  2.265     0.784  1413    
   11/08/2016  12:20  2.266     0.783  1238    
   7/10/2016  15:25  2.178     0.871  1412    
   10/05/2017  10:45  2.247     0.802  1476    
   11/05/2017  10:05  2.250     0.799  1472    
mean        2.345     0.704  1424    
min.        2.178     0.539  1238    
max.        2.510     0.871  1535    
B6  16/11/2015  8:29  1.904  2.245  0.341     YES (R2 = 0.45) 
   20/11/2015  8:06  1.910     0.335  1749    
   16/05/2016  11:19  2.016     0.229       
   16/05/2016  14:42  2.014     0.231  2971    
   11/06/2016  13:31  1.966     0.279  2378    
   4/08/2016  12:38  1.720     0.525       
   11/08/2016  10:27  1.706     0.539  1533    
   10/05/2017  11:40  1.652     0.593  2054    
mean        1.861     0.384  2137    
min.        1.652     0.229  1533    
max.        2.016     0.593  2971    
B7  16/11/2015  8:46  2.635  3.086  0.451     NO 
   19/11/2015  14:39  2.650     0.436  1366    
   16/05/2016  12:27  2.736     0.350  ‐    
   17/05/2016  7:38  2.743     0.343  1489    
   10/06/2016  11:42  2.717     0.369  1446    
   4/08/2016  12:07  2.615     0.471       
   11/08/2016  11:24  2.622     0.464  1221    
   10/05/2017  12:45  2.558     0.528  1496    
mean        2.660     0.427  1404    
min.        2.558     0.343  1221    
max.        2.743     0.528  1496    
B8  16/11/2015  8:58  2.629  3.13  0.501     YES (R2 = 0.65) 
   19/11/2015  8:26  2.940     0.190  905    
   16/05/2016  10:35  2.723     0.407       
   17/05/2016  8:28  2.746     0.384  907    
   4/08/2016  13:28  2.613     0.517       
   10/05/2017  ‐  2.557     0.573       
   12/05/2017  11:20  2.570     0.560  885    
mean       2.683     0.447  899    
min.        2.557     0.190  885    
max.        2.940     0.573  907    
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Bore ID  Date  Time 
Depth 
to 
water 
(m) 
Height of 
the top of 
the bore 
casing 
(mAHD) 
Standing 
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level 
(SWL) 
(mAHD) 
Salinity (as 
Total 
Dissolved 
Solids 
mg/L) 
Negative 
relationship 
between SWL and 
salinity in this 
bore over time?  
B9  16/11/2015  9:19  2.760  3.284  0.524     NO 
   19/11/2015  13:29  2.780     0.504  1282    
   11/04/2016  9:10  2.873     0.411  772    
   6/05/2016  10:30  2.874     0.410  740    
   16/05/2016  13:09  2.874     0.410       
   17/05/2016  15:21  2.850     0.434  1126    
   10/06/2016  11:03  2.846     0.438  1080    
   4/08/2016  15:03  2.703     0.581       
   10/05/2017  12:00  2.696     0.588  709    
mean        2.806     0.478  951    
min.        2.696     0.410  709    
max.        2.874     0.588  1282    
B10  16/11/2015  9:42  2.698  3.1  0.402     YES (R2 = 0.32) 
   18/11/2015  14:54  2.710     0.390  584    
   10/03/2016  10:40  2.868     0.232  592    
   10/03/2016  10:48  2.858     0.242       
   11/04/2016  11:25  2.874     0.226  489    
   6/05/2016  11:00  2.880     0.220  464    
   16/05/2016  13:14  2.889     0.211       
   18/05/2016  7:36  2.899     0.201  513    
   3/08/2016  10:12  2.682     0.418  415    
   6/10/2016  12:40  2.560     0.540  411    
   10/05/2017  10:40  2.670     0.430  249    
   12/05/2017  8:45  2.670     0.430  342    
mean        2.772     0.329  451    
min.        2.560     0.201  249    
max.        2.899     0.540  592    
B11  16/11/2015  8:41  2.120  2.579  0.459     YES (R2 = 0.42) 
   19/11/2015  7:30  2.140     0.439  512    
   16/05/2016  12:51  2.256     0.323       
   16/05/2016  16:32  2.260     0.319  483    
   4/08/2016  12:30  2.100     0.479       
   7/10/2016  15:20  2.014     0.565       
   10/05/2017  11:30  2.038     0.541  415    
mean        2.133     0.446  470    
min.        2.014     0.319  415    
max.        2.260     0.565  512    
B12  16/11/2015  9:54  2.635  2.851  0.216     NO 
   19/11/2015  9:47  2.640     0.211  1308    
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Bore ID  Date  Time 
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to 
water 
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   11/04/2016  9:30  2.774     0.077  1065    
   16/05/2016  12:56  2.773     0.078       
   16/05/2016  15:38  2.770     0.081  1103    
   4/08/2016  12:54  2.584     0.267       
   7/10/2016  13:10  2.457     0.394  1033    
   10/05/2017  ‐  2.529     0.322  1048    
   12/05/2017  13:30  2.530     0.321  938    
mean        2.632     0.219  1083    
min.        2.457     0.077  938    
max.        2.774     0.394  1308    
B13  16/11/2015  10:48  2.280  2.400  0.120     NO 
   18/11/2015  12:59  2.290     0.110  579    
   20/11/2015  8:23  2.310     0.090  650    
   10/03/2016  13:05  2.419     ‐0.019  627    
   10/03/2016  13:10  2.429     ‐0.029       
   11/04/2016  14:10  2.399     0.001  472    
   6/05/2016  14:30  2.354     0.046  499    
   16/05/2016  9:18  2.354     0.046       
   18/05/2016  9:25  2.366     0.034  484    
   3/08/2016  11:25  2.171     0.229  629    
   6/10/2016  13:15  2.082     0.318  566    
   7/10/2016     2.090     0.310  532    
   10/05/2017  15:30  2.264     0.136  502    
mean        2.293     0.107  554    
min.        2.082     ‐0.029  472    
max.        2.429     0.318  650    
B14  16/11/2015  10:55  2.193  2.477  0.284     NO 
   17/11/2015  15:09  2.200     0.277  794    
   10/03/2016  12:50  2.211     0.266  537    
   10/03/2016  12:55  2.222     0.255       
   11/04/2016  13:53  2.161     0.316  488    
   6/05/2016  14:20  2.190     0.287  466    
   16/05/2016  9:24  2.215     0.262       
   16/05/2016  10:31  2.209     0.268       
   17/05/2016  15:36  2.219     0.258  449    
   3/08/2016  11:16  2.124     0.353  411    
   11/08/2016  13:05  2.188     0.289  375    
   6/10/2016  13:05  1.998     0.479  417    
   7/10/2016  ‐  2.002     0.475  407    
   7/10/2016  ‐        429    
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   10/05/2017  ‐  2.108     0.369  489    
   11/05/2017  14:15  2.100     0.377  319    
mean        2.156     0.321  465    
min.        1.998     0.255  319    
max.        2.222     0.479  794    
B15  16/11/2015  11:04  2.363  2.037  ‐0.326     YES (R2 = 0.60) 
   18/11/2015  7:41  2.380     ‐0.343  924    
   23/11/2015  9:15  2.390     ‐0.353  904    
   10/03/2016  13:45  2.384     ‐0.347  815    
   10/03/2016  13:50  2.393     ‐0.356       
   11/04/2016  13:41  2.320     ‐0.283  845    
   6/05/2016  14:17  2.270     ‐0.233  837    
   16/05/2016  10:35  2.271     ‐0.234       
   17/05/2016  14:53  2.282     ‐0.245  870    
   3/08/2016  11:09  2.163     ‐0.126  790    
   6/10/2016  13:00  2.062     ‐0.025  783    
   10/05/2017  15:15  2.160     ‐0.123  806    
mean        2.287     ‐0.250  841    
min.        2.062     ‐0.356  783    
max.        2.393     ‐0.025  924    
B16  16/11/2015  10:13  2.840  3.165  0.325     NO 
   18/11/2015  14:01  2.850     0.315  1593    
   19/11/2015  16:50  2.870     0.295  1580    
   10/03/2016  11:40  2.986     0.179  1542    
   10/03/2016  11:45  2.985     0.180       
   11/04/2016  11:00  2.992     0.173  1655    
   6/05/2016  12:20  2.991     0.174  1702    
   16/05/2016  11:50  2.984     0.181       
   16/05/2016  11:36  2.980     0.185       
   17/05/2016  12:52  2.984     0.181  1651    
   11/06/2016  16:40  2.960     0.205  1708    
   3/08/2016  10:00  2.778     0.387  1682    
   6/10/2016  11:50  2.655     0.510  1641    
   10/05/2017  10:15  2.750     0.415  1597    
   11/05/2017  11:30  2.750     0.415  1602    
mean        2.890     0.275  1632    
min.        2.655     0.173  1542    
max.        2.992     0.510  1708    
B17  16/11/2015  10:33  2.445  2.605  0.160     NO 
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   18/11/2015  8:42  2.460     0.145  672    
   10/03/2016  12:00  2.584     0.021  715    
   10/03/2016  12:05  2.584     0.021       
   11/04/2016  10:16  2.582     0.023  728    
   6/05/2016  11:25  2.546     0.059  749    
   16/05/2016  11:58  2.525     0.080       
   16/05/2016  11:18  2.513     0.092       
   17/05/2016  14:29  2.530     0.075  779    
   3/08/2016  10:41  2.316     0.289  754    
   6/10/2016  11:30  2.192     0.413  732    
   10/05/2017  10:30  2.316     0.289  823    
   11/05/2017  15:20  2.320     0.285  435    
mean        2.455     0.150  710    
min.        2.192     0.021  435    
max.        2.584     0.413  823    
B18  16/11/2015  10:02  2.369  2.021  ‐0.348     YES (R2 = 0.31) 
   18/11/2015  9:15  2.380     ‐0.359  583    
   23/11/2015  8:10  2.385     ‐0.364  611    
   10/03/2016  12:35  2.405     ‐0.384  375    
   11/04/2016  13:30  2.344     ‐0.323  306    
   11/04/2016  13:30          719   (salinity measurements 
italicised and 
underlined were 
measured just 
below the SWL at 
approx. +0.1 to  
‐0.4 mAHD while 
those in bold 
were measured at 
the base of the 
bore at approx.  
‐2.0 mAHD)   
   
  
   6/05/2016  13:22  2.271     ‐0.250  220 
   6/05/2016  13:22          1208 
   18/05/2016  16:29  2.266     ‐0.245  753 
   10/06/2016  9:38  2.238     ‐0.217  737 
   3/08/2016  10:52  2.071     ‐0.050  241 
   3/08/2016  10:52          241 
   11/08/2016  16:31  2.084     ‐0.063  211 
   6/10/2016  14:30  1.925     0.096  184 
   6/10/2016  14:30        310 
   10/05/2017  14:15  2.090     ‐0.069  215 
   10/05/2017  14:15          235 
mean        2.246     ‐0.228  447    
min.        1.925     ‐0.388  184    
max.        2.409     0.096  1208    
B19  16/11/2015  10:06  2.303  1.903  ‐0.400     NO 
   17/11/2015  15:47  2.270     ‐0.367  1664    
   10/03/2016  12:25  2.338     ‐0.435  1457    
   10/03/2016  12:30  2.335     ‐0.432       
   11/04/2016  13:00  2.302     ‐0.399  1718    
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   6/05/2016  12:55  2.246     ‐0.343  2082    
   16/05/2016  10:25  2.218     ‐0.315       
   18/05/2016  12:35  2.225     ‐0.322  1937    
   10/06/2016  8:00  2.209     ‐0.306  2238    
   4/08/2016  8:00  2.023     ‐0.120       
   6/10/2016  11:04  1.879     0.024  1329    
   7/10/2016  11:23  1.877     0.026  781    
   7/10/2016              1737    
   10/05/2017  14:30  1.985     ‐0.082  2072    
mean        2.170     ‐0.267  1701    
min.        1.877     ‐0.435  781    
max.        2.338     0.026  2238    
B20  16/11/2015  9:55  1.375  1.673  0.298     YES (R2 = 0.62) 
   17/11/2015  10:40  1.410     0.263  2054    
   10/03/2016  16:20  1.607     0.066  2428    
   10/03/2016  16:25  1.627     0.046       
   11/04/2016  12:45  1.536     0.137  2260    
   6/05/2016  ‐  1.448     0.225  2065    
   16/05/2016  10:15  1.353     0.320       
   18/05/2016  10:05  1.400     0.273  2275    
   10/06/2016  12:26  1.264     0.409  2337    
   3/08/2016  8:44  0.989     0.684  1993    
   6/10/2016  10:30  0.966     0.707  1763    
   7/10/2016  11:57  0.981     0.692  1723    
   7/10/2016           1728    
   10/05/2017  14:45  1.203     0.470  2181    
mean        1.320     0.353  2074    
min.        0.966     0.046  1723    
max.        1.627     0.707  2428    
B21  16/11/2015  10:19  2.865  3.415  0.550     NO 
   18/11/2015  10:15  2.880     0.535  1827    
   23/11/2015  10:45  2.905     0.510  1820    
   10/03/2016  11:15  3.020     0.395  1774    
   10/03/2016  11:25  3.018     0.397       
   11/04/2016  10:45  3.025     0.390  1815    
   6/05/2016  12:10  3.024     0.391  1834    
   16/05/2016  11:42  3.017     0.398       
   16/05/2016  11:31  3.021     0.394       
   16/05/2016  15:44  3.018     0.397  1833    
   10/06/2016  14:09  2.986     0.429  1851    
 192 
 
Bore ID  Date  Time 
Depth 
to 
water 
(m) 
Height of 
the top of 
the bore 
casing 
(mAHD) 
Standing 
water 
level 
(SWL) 
(mAHD) 
Salinity (as 
Total 
Dissolved 
Solids 
mg/L) 
Negative 
relationship 
between SWL and 
salinity in this 
bore over time?  
   3/08/2016  9:55  2.808     0.607  1849    
   6/10/2016  17:00  2.681     0.734  1854    
   10/05/2017  9:30  2.795     0.620  1730    
   11/05/2017  13:10  2.810     0.605  1749    
mean        2.925     0.490  1812    
min.        2.681     0.390  1730    
max.        3.025     0.734  1854    
B22  16/11/2015  10:24  2.475  2.448  ‐0.027     YES (R2 = 0.94) 
   18/11/2015  14:48  2.490     ‐0.042  945    
   19/11/2015  15:23  2.530     ‐0.082  976    
   10/03/2016  12:10  2.637     ‐0.189  1078    
   10/03/2016  12:15  2.654     ‐0.206       
   11/04/2016  10:30  2.617     ‐0.169  1008    
   6/05/2016  11:35  2.592     ‐0.144  1049    
   16/05/2016  11:23  2.575     ‐0.127       
   16/05/2016  14:54  2.574     ‐0.126  1037    
   11/06/2016  16:08  2.483     ‐0.035  857    
   3/08/2016  9:43  2.267     0.181  312    
   6/10/2016  11:45  2.111     0.337  273    
   10/05/2017  9:25  2.247     0.201       
   11/05/2017  14:15  2.330     0.118  569    
mean        2.470     ‐0.022  810    
min.        2.111     ‐0.206  273    
max.        2.654     0.337  1078    
B23  16/11/2015  10:17  3.192  2.302  ‐0.890     YES (R2 = 0.87) 
   18/11/2015  7:42  3.200     ‐0.898  737    
   10/03/2016  9:00  2.994     ‐0.692  809    
   11/04/2016  9:53  2.977     ‐0.675  543    
   6/05/2016  9:00  2.954     ‐0.652  582    
   16/05/2016  11:08  2.946     ‐0.644       
   10/06/2016  15:58  2.994     ‐0.692  545    
   3/08/2016  8:15  2.674     ‐0.372  146    
   6/10/2016  10:15  2.462     ‐0.160  169    
   10/05/2017  9:00  2.540     ‐0.238  144    
   12/05/2017  15:30  2.500     ‐0.198  91    
mean        2.858     ‐0.556  418    
min.        2.462     ‐0.898  91    
max.        3.200     ‐0.160  809    
B24  16/11/2015  9:47  1.433  1.619  0.186     NO 
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   17/11/2015  9:14  1.440     0.179  1181    
   10/03/2016  16:30  1.421     0.198  3702    
   10/03/2016  16:40  1.429     0.190       
   11/04/2016  12:22  1.482     0.137  3134    
   6/05/2016  12:32  1.378     0.241  2614    
   16/05/2016  10:04  1.308     0.311       
   18/05/2016  8:58  1.326     0.293  2171    
   3/08/2016  8:51  0.889     0.730  2306    
   6/10/2016  10:45  0.863     0.756  2518    
   10/05/2017  14:30  1.033     0.586  1998    
   12/05/2017  15:15  1.280     0.339  1046    
mean        1.274     0.346  2297    
min.        0.863     0.137  1046    
max.        1.482     0.756  3702    
B25  16/11/2015  10:04  2.845  2.582  ‐0.263     YES (R2 = 0.71) 
   18/11/2015  11:16  2.850     ‐0.268  956    
   23/11/2015  11:40  2.905     ‐0.323  932    
   10/03/2016  10:17  2.999     ‐0.417  1024    
   10/03/2016  10:25  2.999     ‐0.417       
   11/04/2016  11:50  3.024     ‐0.442  964    
   6/05/2016  11:10  3.029     ‐0.447  957    
   16/05/2016  11:44  3.026     ‐0.444       
   18/05/2016  8:27  3.025     ‐0.443  930    
   3/08/2016  8:24  2.798     ‐0.216  816    
   10/05/2017  11:00  2.705     ‐0.123  640    
mean        2.928     ‐0.346  902    
min.        2.705     ‐0.447  640    
max.        3.029     ‐0.123  1024    
B26  16/11/2015  10:21  2.699  2.158  ‐0.541     YES (R2 = 0.63) 
   18/11/2015  10:46  2.710     ‐0.552  870    
   23/11/2015  7:15  2.710     ‐0.552  837    
   10/03/2016  9:45  2.824     ‐0.666  1345    
   10/03/2016  10:00  2.830     ‐0.672       
   11/04/2016  9:40  2.829     ‐0.671  1674    
   6/05/2016  11:40  2.807     ‐0.649  1554    
   16/05/2016  11:12  2.808     ‐0.650       
   18/05/2016  13:26  2.802     ‐0.644  1456    
   10/06/2016  13:28  2.741     ‐0.583  1666    
   3/08/2016  8:14  2.492     ‐0.334  815    
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   11/08/2016  15:50  2.471     ‐0.313  683    
   6/10/2016  10:27  2.300     ‐0.142       
   10/05/2017  9:15  2.402     ‐0.244       
mean        2.673     ‐0.515  1211    
min.        2.300     ‐0.672  683    
max.        2.830     ‐0.142  1674    
B27  16/11/2015  9:07  2.647  1.667  ‐0.980     NO 
   16/11/2015  15:34  2.630     ‐0.963  677    
   16/05/2016  8:52  2.670     ‐1.003       
   17/05/2016  8:25  2.670     ‐1.003  1476    
   4/08/2016  14:44  2.402     ‐0.735       
   11/08/2016  9:08  2.412     ‐0.745  928    
   6/10/2016  15:15  2.287     ‐0.620  1299    
   10/05/2017  ‐  2.333     ‐0.666  769    
mean        2.506     ‐0.839  1030    
min.        2.287     ‐1.003  677    
max.        2.670     ‐0.620  1476    
B28  16/11/2015  9:18  2.347  2.511  0.164     YES (R2 = 0.25) 
   16/11/2015  14:28  2.340     0.171  1029    
   19/11/2015  13:01  ‐        1244    
   6/05/2016  17:30  2.356     0.155  1960    
   16/05/2016  9:51  2.295     0.216       
   17/05/2016  12:08  2.300     0.211  1041    
   11/06/2016  9:52  2.257     0.254  1377    
   4/08/2016  14:17  2.136     0.375       
   6/10/2016  16:15  2.076     0.435  969    
   10/05/2017  ‐  2.236     0.275  895    
mean        2.260     0.251  1216    
min.        2.076     0.155  895    
max.        2.356     0.435  1960    
B29  16/11/2015  11:15  2.137  2.002  ‐0.135     NO 
   17/11/2015  7:44  2.120     ‐0.118  2626    
   20/11/2015  11:19  2.160     ‐0.158  2821    
   6/05/2016  17:10  2.625     ‐0.623  2734    
   16/05/2016  9:12  2.600     ‐0.598       
   17/05/2016  10:34  2.600     ‐0.598  2652    
   11/06/2016  11:16  2.146     ‐0.144  3209    
   4/08/2016  14:37  1.790     0.212       
mean        2.272     ‐0.270  2808    
min.        1.790     ‐0.623  2626    
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max.        2.625     0.212  3209    
CIS1  16/11/2015  10:41  0.940  1.221  0.281     NO 
   17/11/2015  14:07  0.950     0.271  15535    
   10/03/2016  14:40  1.090     0.131  22932    
   11/04/2016  14:40  1.126     0.095  22772    
   6/05/2016  14:00  0.980     0.241  22646    
   16/05/2016  11:01  0.821     0.400       
   18/05/2016  10:29  0.640     0.581  22295    
   11/06/2016  8:40  0.818     0.403  19494    
   3/08/2016  12:00  0.837     0.384  18655    
   6/10/2016  13:52  0.772     0.449  17479    
   7/10/2016  13:52  0.755     0.466  17310    
   10/05/2017  ‐  0.913     0.308  17680    
mean        0.887     0.334  19680    
min.        0.640     0.095  15535    
max.        1.126     0.581  22932    
CIS2  16/11/2015  10:36  1.511  0.781  ‐0.730     NO 
   17/11/2015  11:00  1.520     ‐0.739  23140    
   10/03/2016  15:30  1.625     ‐0.844  19149    
   10/03/2016  15:35  1.625     ‐0.844       
   11/04/2016  15:20  1.615     ‐0.834  17826    
   6/05/2016  16:00  1.415     ‐0.634  17914    
   18/05/2016  12:06  1.352     ‐0.571  23920    
   3/08/2016  12:45  1.255     ‐0.474       
mean        1.490     ‐0.709  20390    
min.        1.255     ‐0.844  17826    
max.        1.625     ‐0.474  23920    
CIS3  16/11/2015  10:52  1.015  1.557  0.542     NO 
   17/11/2015  9:49  0.990     0.567  20020    
   20/11/2015  7:43  1.020     0.537  18070    
   10/03/2016  15:50  0.957     0.600  18434    
   10/03/2016  15:55  0.964     0.593       
   11/04/2016  15:53  1.006     0.551  18052    
   6/05/2016  16:11  1.022     0.535  17056    
   16/05/2016  10:50  1.050     0.507       
   18/05/2016  11:40  1.085     0.472  19637    
   11/06/2016  7:55  1.098     0.459  18987    
   4/08/2016  8:25  1.151     0.406  17550    
   11/08/2016  8:37  1.095     0.462  16556    
   6/10/2016  14:15  1.057     0.500  18954    
   7/10/2016  11:00  1.066     0.491  20189    
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   10/05/2017  16:15  1.164     0.393  8860    
mean        1.049     0.508  17697    
min.        0.957     0.393  8860    
max.        1.164     0.600  20189    
CIS4  16/11/2015  9:38  1.664  1.487  ‐0.177     NO 
   17/11/2015  8:49  1.580     ‐0.093  7092    
   19/11/2015  14:01  1.590     ‐0.103  6396    
   6/05/2016  17:36  1.473     0.014  5457    
   16/05/2016  9:59  1.369     0.118       
   18/05/2016  10:59  1.386     0.101  6214    
   4/08/2016  15:24  1.259     0.228  7709    
   6/10/2016  14:48  1.222     0.265  8249    
   7/10/2016  13:17  1.147     0.340  8210    
   10/05/2017  ‐  1.362     0.125  7170    
   12/05/2017  14:20  1.620     ‐0.133  7300    
mean        1.425     0.062  7088    
min.        1.147     ‐0.177  5457    
max.        1.664     0.340  8249    
CIS5  16/11/2015  11:30  2.282  1.875  ‐0.407     NO 
   19/11/2015  11:56  ‐        9497    
   6/05/2016  17:45  2.329     ‐0.454       
   16/05/2016  9:42  2.205     ‐0.330       
   18/05/2016  7:46  2.212     ‐0.337  8385    
   4/08/2016  15:15  2.188     ‐0.313       
   6/10/2016  15:04  2.126     ‐0.251       
mean        2.224     ‐0.349  8941    
min.        2.126     ‐0.454  8385    
max.        2.329     ‐0.251  9497    
CIS6  16/11/2015  8:51  1.593  1.098  ‐0.495     NO 
   16/11/2015  13:59  1.590     ‐0.492  2698    
   19/11/2015  15:29  1.800     ‐0.702  1976    
   6/05/2016  16:55  1.690     ‐0.592  2075    
   16/05/2016  9:06  1.444     ‐0.346       
   17/05/2016  11:25  1.410     ‐0.312  2204    
   11/06/2016  12:05  1.375     ‐0.277  2855    
   4/08/2016  14:24  1.331     ‐0.233       
   11/08/2016  14:49  1.292     ‐0.194  1890    
   6/10/2016  15:55  1.147     ‐0.049  2005    
   6/10/2016             2027    
   10/05/2017  ‐  1.330    ‐0.232  1697    
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mean        1.455     ‐0.357  2159    
min.        1.147     ‐0.702  1697    
max.        1.800     ‐0.049  2855    
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Figure S0‐3 Photographs of shell beds in the Port Melbourne Sand aquifer 
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Figure S0‐4 Photographs of shell beds (top) and organic material (bottom) in the Coode Island Silt aquitard
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Table S0‐5 Bore details including screened intervals, lithology and standing water levels 
Bore 
ID 
Location  Construction details (mbTOC)  Lithology (mBTOC)#  Groundwater Level 
Easting   Northing 
Top of 
Casing 
(TOC) 
Elevation 
(mAHD) 
Screen 
Interval 
Gravel 
Pack 
Bentonite 
Seal 
Total 
Well 
Depth   Fill 
Port 
Melbourne 
Sand 
Coode 
Island 
Silt 
Older 
Volcanics 
Screen 
Interval 
Lithology 
Standing 
Water Level 
(SWL) 
range* 
(mbTOC) 
SWL range 
(mAHD) 
LI1‐W  316394.91  5810553.15  2.495  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐4.5  ‐  ‐  ‐  Fill  2.06‐2.95  ‐0.46‐0.44 
LI2‐W  316883.53  5810836.08  3.968  2.9‐4.0  2.4‐4.0   1.4‐2.4  4.0  0‐4.0  ‐  ‐  ‐  Fill  3.23‐3.38  0.59‐0.74 
LI3  316729.82  5810300.90  2.245  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐1.1  1.1‐4.0  ‐  ‐  PMS  1.71‐2.02  0.23‐0.54 
LI4  317194.71  5810680.71  3.086  3.0‐5.5  2.5‐5.5   1.5‐2.5  5.5  0‐1.9  1.9‐5.5  ‐  ‐  PMS  2.62‐2.74  0.35‐0.47 
LI5  317403.56  5811235.00  3.846  3.0‐4.9  2.5‐4.9   2.0‐2.5  4.9  0‐4.9  ‐  ‐  ‐  Fill  3.01‐3.18  0.67‐0.84 
LI6‐W  317935.75  5811143.34  3.049  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐3.8  3.8‐4.5  ‐  ‐  Fill + PMS  2.18‐2.51  0.54‐0.87 
LI7  318261.47  5811117.54  3.165  2.0‐5.0  1.9‐5.0   0.2‐1.9  5.0  0‐2.5  2.5‐5.0  ‐  ‐  Fill + PMS  2.66‐2.99  0.18‐0.51 
LI8  318101.97  5811275.06  3.415  2.0‐4.5  2.1‐4.5   0.5‐2.0  4.5  0‐1.9  1.9‐5.0  ‐  ‐  PMS  2.68‐3.03  0.39‐0.74 
NI1  317297.92  5810872.76  3.130  2.2‐4.2  1.7‐4.2   0.7‐1.7  4.2  0‐2.0  2.0‐4.2  ‐  ‐  PMS  2.61‐2.94  0.19‐0.52 
NI2  318642.63  5811353.20  1.903  2.5‐4.0  3.0‐4.0   1.0‐1.5  4.0  0‐2.5  2.5‐4.0  ‐  ‐  PMS  1.88‐2.34  ‐0.44‐0.02 
NI3  318451.65  5811145.19  2.448  2.0‐4.0  1.8‐4.0   1.1‐1.8  4.0  0‐1.6  1.6‐5.0  ‐  ‐  PMS  2.11‐2.65  ‐0.20‐0.34 
NI4  318747.11  5811075.77  2.302  2.4‐5.0  1.9‐5.0   1.3‐1.9  5.0  0‐1.3  1.3‐5.0  ‐  ‐  PMS  2.46‐3.20  ‐0.90‐‐0.16 
B  318101.04  5811875.97  2.357  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐0.6  0.6‐4.0  ‐  ‐  PMS  1.82‐2.07  0.29‐0.54 
#Note the last logged lithology does not equate to the base of the unit (i.e. unit may extend beyond base of borehole)  
*SWL range recorded during multiple gauging events between November 2015 and May 2017               
" ‐ " denotes information unknown 
mAHD = metres above the Australian Height Datum 
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Table S2: Optimised sources parameters for analysis of PFAS on Agilent 6495B MS/MS 
 
Source parameter  Value 
Gas temperature (C)  250 
Gas flowrate (L min‐1)  11 
Nebulizer (psi)  25 
Sheath gas temperature (C)  375 
Sheath gas flowrate (L min‐1)  11 
Capillary (V)  2500 
Ion funnel‐High pressure RF  90 
Ion funnel‐Low pressure RF  60 
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Table S3: Optimised compound parameters for LC‐MS/MS analysis of PFAS with Agilent 6495B 
MS/MS 
  Analyte  Precursor  Product 
Collision 
energy 
Ret 
time 
Surrogate 
standard 
Perfluorocarboxylic 
acids           
  PFBA  213  169  6  2.62  PFBA 13C4 
  PFBA 13C4  217  172  8  2.62   
  PFPeA  263  219  6  4.27  PFHxA 13C2 
  PFHxA  313  269 (119)  6 (22)  4.85  PFHxA 13C2 
  PFHxA 13C2  314.9  269.9  8  4.85   
  PFHpA  363  318.9 (168.9)  6 (18)  5.49  PFHxA 13C2 
  PFOA  413  368.9 (169)  6 (18)  6.17  PFOA 13C8 
  PFOA 13C8  421  376  6  6.17   
  PFNA  463  418.9 (218.9)  10 (18)  6.88  PFOA 13C8 
  PFDA  512.9  469 (268.9)  6 (18)  7.53  PFDA 13C2 
  PFDA 13C2  514.9  469.9  8  7.53   
  PFUnDA  563  518.9 (268.9)  12 (16)  8.13  PFDA 13C2 
  PFDoDA  612.9  569 (319)  14 (22)  8.64  PFDoDA 13C2 
  PFDoDA 13C2  615  570  14  8.64   
Perfluorosulfonates           
  PFBS  299  80 (90)  44 (36)  4.42  PFBS 13C2 
PFBS 13C2  302  99  36  4.42   
PFPeS  348.9  80 (99)  40 (36)  4.94  PFHxS 13C3 
  PFHxS  399  80 (99, 119)  48 (44, 44)  5.55  PFHxS 13C3 
  PFHxS 13C3  402  99  44  5.55  PFHxS 13C3 
  PFHpS  449  80 (99)  50 (46)  6.22   
  PFOS  498.9  80 (99)  56 (56)  6.90  PFOS 13C4 
  PFOS 13C4  503  99  48  6.90   
  PFOS 13C8  507  99  48  6.90   
  PFDS  598.9  80 (98.9)  60 (60)  8.11  PFOS 13C4 
Fluorotelomer sulfonates         
  6:2 FTS  426.9  407 (80)  28 (44)  6.13  6:2 FTS 13C2 
  6:2 FTS 13C2  428.9  409  28  6.13   
  8:2 FTS  526.9  507 (80)  32 (52)  7.51  6:2 FTS 13C2 
Polyfluorinated ether sulfonates         
  9Cl‐PF3ONS  530.9 
350.9 (98.9, 
83)  28 (28, 32)  7.03  PFOS 13C4 
   11Cl‐PF3ONS  630.9  451 (98.9, 83)  32 (32, 42)  8.17  PFOS 13C4 
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Table S4: Internal Standard (ISTD) Recoveries 
 
Analyte  ISTD Recoveries 
PFBA‐13C3  43% ± 28% 
PFBS‐13C2  71% ± 19% 
PFHxA‐13C2  45% ± 31% 
PFHxS‐1C3  81% ± 19% 
6‐2 FTS ‐ 13C  193% ± 79% 
PFOA‐13C8  59% ± 30% 
PFOS‐13C8  62% ± 15% 
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Table S5: PFAS as a percentage of ∑PFAS (by mass) 
 
%∑PFAS  PFBA  PFPeA  PFHxA  PFHpA  PFOA  PFNA  PFDA  PFUDA  PFBS  PFPeS  PFHxS  PFHpS  PFOS  6:2 FTS 
LI1  ‐  ‐  27  ‐  32  ‐  ‐  ‐  8.1  ‐  19  0.8  12  1.9 
LI2  16  ‐  ‐  ‐  30  ‐  ‐  2.2  3.7  2.8  14  1.8  29  ‐ 
LI3  20  6.3  12  9.1  25  ‐  ‐  ‐  6.7  3.7  15  ‐  1.9  ‐ 
LI4  ‐  ‐  11  ‐  45  ‐  ‐  ‐  6.3  2.1  8.9  ‐  27  ‐ 
LI5  7.9  ‐  9.3  ‐  7.9  ‐  ‐  ‐  6.5  3.3  14  ‐  51  ‐ 
LI6  11  ‐  18  ‐  10  ‐  ‐  ‐  10  5.4  24  ‐  21  ‐ 
LI7  14  ‐  15  ‐  7.4  11  ‐  ‐  9.0  4.5  20  ‐  20  ‐ 
LI8  8.8  ‐  ‐  ‐  7.3  ‐  ‐  ‐  8.7  6.2  44  ‐  25  ‐ 
NI1  18  28  26  9.7  4.3  ‐  ‐  ‐  4.2  ‐  7.3  ‐  2.7  ‐ 
NI2  5.4  4.2  11  3.7  3.8  0.2  ‐  ‐  9.6  5.1  30  1.2  23  3.1 
NI3  2.1  2.2  3.7  ‐  1.5  0.1  ‐  ‐  4.6  2.9  33  1.4  49  ‐ 
NI4  0.5  0.1  0.6  0.1  0.3  0.0  ‐  ‐  0.2  0.1  5.4  0.1  93  ‐ 
B  13  12  9.5  ‐  6.8  2.6  8.7  ‐  7.9  ‐  10  ‐  30  ‐ 
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Figure S1: Photograph of a sample from a site installed directly in landfill waste 
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Table S0‐6 Bore details including screened intervals, lithology and standing water levels 
Bore 
ID 
Location  Construction details (mbTOC)  Lithology (mBTOC)#  Groundwater Level 
Easting   Northing 
Top of 
Casing 
(TOC) 
Elevation 
(mAHD) 
Screen 
Interval 
Gravel 
Pack 
Bentonite 
Seal 
Total 
Well 
Depth   Fill 
Port 
Melbourne 
Sand 
Coode 
Island 
Silt 
Older 
Volcanics 
Screen 
Interval 
Lithology 
Standing 
Water Level 
(SWL) 
range* 
(mbTOC) 
SWL range 
(mAHD) 
LI1‐W  316394.91  5810553.15  2.495  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐4.5  ‐  ‐  ‐  Fill  2.06‐2.95  ‐0.46‐0.44 
LI2‐W  316883.53  5810836.08  3.968  2.9‐4.0  2.4‐4.0   1.4‐2.4  4.0  0‐4.0  ‐  ‐  ‐  Fill  3.23‐3.38  0.59‐0.74 
LI3  316729.82  5810300.90  2.245  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐1.1  1.1‐4.0  ‐  ‐  PMS  1.71‐2.02  0.23‐0.54 
LI4  317194.71  5810680.71  3.086  3.0‐5.5  2.5‐5.5   1.5‐2.5  5.5  0‐1.9  1.9‐5.5  ‐  ‐  PMS  2.62‐2.74  0.35‐0.47 
LI5  317403.56  5811235.00  3.846  3.0‐4.9  2.5‐4.9   2.0‐2.5  4.9  0‐4.9  ‐  ‐  ‐  Fill  3.01‐3.18  0.67‐0.84 
LI6‐W  317935.75  5811143.34  3.049  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐3.8  3.8‐4.5  ‐  ‐  Fill + PMS  2.18‐2.51  0.54‐0.87 
LI7  318261.47  5811117.54  3.165  2.0‐5.0  1.9‐5.0   0.2‐1.9  5.0  0‐2.5  2.5‐5.0  ‐  ‐  Fill + PMS  2.66‐2.99  0.18‐0.51 
LI8  318101.97  5811275.06  3.415  2.0‐4.5  2.1‐4.5   0.5‐2.0  4.5  0‐1.9  1.9‐5.0  ‐  ‐  PMS  2.68‐3.03  0.39‐0.74 
LI9  317637.81  5810767.87  3.284  3.5‐5.5  3.1‐5.5   0.5‐3.1  5.5  0‐3.0  3.0‐5.5  ‐  ‐  PMS  2.70‐2.87  0.41‐0.58 
LI10‐W  318946.18  5811288.49  1.673  1.2‐3.0  1.0‐3.0   0.0‐1.0  3.0  0‐1.5  1.5‐2.9  2.9‐5.0  ‐  Fill + PMS + CIS  0.97‐1.63  0.04‐0.70 
LI11  319063.09  5811183.31  1.619  1.7‐2.5  1.5‐2.5   1.0‐1.5  2.5  0‐1.6  1.6‐2.5  2.5‐5.0  ‐  PMS  0.86‐1.48  0.14‐0.76 
NI1  317297.92  5810872.76  3.130  2.2‐4.2  1.7‐4.2   0.7‐1.7  4.2  0‐2.0  2.0‐4.2  ‐  ‐  PMS  2.61‐2.94  0.19‐0.52 
NI2  318642.63  5811353.20  1.903  2.5‐4.0  3.0‐4.0   1.0‐1.5  4.0  0‐2.5  2.5‐4.0  ‐  ‐  PMS  1.88‐2.34  ‐0.44‐0.02 
NI3  318451.65  5811145.19  2.448  2.0‐4.0  1.8‐4.0   1.1‐1.8  4.0  0‐1.6  1.6‐5.0  ‐  ‐  PMS  2.11‐2.65  ‐0.20‐0.34 
NI4  318747.11  5811075.77  2.302  2.4‐5.0  1.9‐5.0   1.3‐1.9  5.0  0‐1.3  1.3‐5.0  ‐  ‐  PMS  2.46‐3.20  ‐0.90‐‐0.16 
NI5  318290.55  5811395.36  2.605  2.5‐4.0  2.0‐2.5   1.0‐2.0  4.0  0‐1.5  1.5‐4.0  ‐  ‐  PMS  2.19‐2.58  0.03‐0.42 
NI6  317495.70  5811035.28  3.824  2.6‐5.1  2.1‐5.1   1.5‐2.1  5.1  0‐3.3  3.3‐5.1  ‐  ‐  Fill + PMS  3.03‐3.55  0.27‐0.79 
NI7  317152.82  5810474.06  2.579  3.0‐5.1  2.5‐5.1   2.0‐2.5  5.1  0‐1.2  1.2‐5.1  ‐  ‐  PMS  2.01‐2.26  0.32‐0.57 
NI8  317697.98  5810560.80  2.851  2.2‐4.2  1.7‐4.2   0.7‐1.7  4.2  0‐1.6  1.6‐4.2  ‐  ‐  PMS  2.46‐2.77  0.08‐0.39 
NI9  318065.09  5810906.74  3.100  3.0‐5.5  2.3‐5.5   1.3‐2.3  5.5  absent  0‐5.5  ‐  ‐  PMS  2.56‐2.90  0.20‐0.54 
NI10  318279.19  5810658.74  2.582  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐2.0  2.0‐4.0  ‐  ‐  PMS  2.80‐3.03  ‐0.45‐‐0.22 
NI11  318719.82  5810867.90  2.158  2.1‐4.5  1.8‐4.5   0.6‐1.8  4.5  0‐1.7  1.7‐4.5  ‐  ‐  PMS  2.30‐2.83  ‐0.67‐‐0.14 
NI12  317901.48  5811689.81  2.400  2.2‐4.2  1.7‐4.2   0.7‐1.7  4.2  0‐1.4  1.4‐4.2  ‐  ‐  PMS  2.08‐2.43  ‐0.03‐0.32 
NI13  318174.41  5811683.82  2.477  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐2.5  2.5‐4.0  ‐  ‐  PMS  2.00‐2.22  0.26‐0.47 
NI14  318393.83  5811564.62  2.037  1.5‐3.0  1.0‐3.0   0.0‐1.0  3.0  0‐0.8  0.8‐3.0  ‐  ‐  PMS  2.06‐2.39  ‐0.35‐‐0.02 
 210 
 
NI15  318533.36  5811478.34  2.021  2.5‐4.0  2.0‐4.0   1.5‐2.0  4.0  0‐1.5  1.5‐4.0  ‐  ‐  PMS  1.93‐2.41  ‐0.39‐0.09 
NI16  319337.66  5810985.77  1.667  1.0‐3.5  1.0‐3.5   0.4‐1.0  3.5  0‐1.2  1.2‐5.0  ‐  ‐  PMS  2.29‐2.67  ‐1.00‐‐0.62 
NI17  319483.13  5810855.55  2.235  4.0‐7.0  3.5‐7.0   1.5‐3.5  7.0  0‐0.6  0.6‐2.7  2.7‐3.1  3.1‐7.0  OV  2.74‐2.92  ‐0.69‐‐0.51 
NI18  319724.09  5810818.18  2.362  4.0‐7.0  3.5‐7.0   2.5‐3.5  7.0  absent  0‐2.0  absent  2.0‐7.0  OV  3.20‐3.62  ‐1.26‐‐0.84 
CIS1  318511.98  5811770.42  1.221  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐1.8  absent  1.8‐5.2  ‐  CIS  0.64‐1.13  0.09‐0.58 
CIS2  318703.33  5811581.43  0.781  2.0‐4.5  1.6‐4.5   1.0‐1.6  4.5  0‐1.6  1.6‐1.8  1.8‐4.5  ‐  CIS  1.26‐1.63  ‐0.85‐‐0.48 
CIS3  319006.47  5811598.53  1.557  2.5‐5.5  1.5‐5.5   0.5‐1.5  5.5  0‐1.4  absent  1.4‐5.5  ‐  CIS  0.96‐1.15  0.41‐0.60 
CIS4  319277.30  5811331.14  1.487  2.5‐4.5  2.0‐4.5   1.0‐2.0  4.5  0‐0.8  0.8‐1.9  1.9‐4.5  ‐  CIS  1.15‐1.66  ‐0.17‐0.34 
CIS5  319493.56  5811327.30  1.875  ‐  ‐  ‐  7.8  ‐  ‐  ‐  ‐  ‐  2.13‐2.33  ‐0.46‐‐0.26 
CIS6  319678.82  5811135.90  1.098  1.7‐4.0  1.4‐4.0   0.8‐1.4  4.0  0‐2.2  2.2‐3.5  3.5‐4.5  ‐  Fill + PMS + CIS  1.15‐1.80  ‐0.70‐‐0.05 
CIS7  319762.95  5811306.55  2.511  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐2.7  2.7‐4.0  4.0‐5.0  ‐  Fill + PMS   2.08‐2.36  0.15‐0.43 
CIS8  320094.53  5811199.72  2.002  ‐  ‐  ‐  4.0  ‐  ‐  ‐  ‐  ‐  1.79‐2.63  ‐0.63‐0.21 
B  318101.04  5811875.97  2.357  2.0‐4.0  1.5‐4.0   0.5‐1.5  4.0  0‐0.6  0.6‐4.0  ‐  ‐  PMS  1.82‐2.07  0.29‐0.54 
#Note the last logged lithology does not equate to the base of the unit (i.e. unit may extend beyond base of borehole)                
*SWL range recorded during multiple gauging events between November 2015 and May 2017               
" ‐ " denotes information unknown (pre‐existing borehole)               
   
 1. Shoemaker, J. A., Grimmett, P.E., Boutin, B.K. (2008). Determination of selected perfluorinated alkyl acids in drinking water by solid 
phase extraction and liquid chromatography/tandem mass spectrometry (LC/MS/MS). Publication 1.1. USEPA, Washington, DC. 
PFAA materials and methods 
Sample Collection  
Groundwater samples were collected from thirteen shallow monitoring bores using a low flow pump with 
dedicated  low‐density poly ethylene  (LDPE)  tubing,  into 250 mL polypropylene bottles. Prior  to sample 
collection, standing water level was measured using a SolinstTM interface probe and field parameters were 
monitored in purged water for pH, temperature, oxidation reduction potential, electrical conductivity and 
dissolved oxygen using a YSI‐556 meter to monitor groundwater stabilisation in accordance with Standard 
No. 5667‐11 (ISO, 2009). All sampling equipment was cleaned following use at each site using water only, 
as detergents were considered a possible source of PFAAs. Upon return to the laboratory, samples had ~1g 
of sodium azide (NaN3) added as a preservative and were stored at 4 °C prior to analysis.  
Standards and Reagents 
Analytical  standards  (perfluorobutanoic  acid, PFBA; perfluoropentanoic  acid, PFPeA; perfluorohexanoic 
acid, PFHxA; perfluoroheptanoic acid, PFHpA; perfluorooctanoic acid, PFOA; perfluorononanoic acid, PFNA; 
perfluorodecanoic  acid,  PFDA;  perfluoroundecanoic  acid,  PFUnDA;  perfluorododecanoic  acid,  PFDoDA; 
perfluorobutane sulfonate, PFBS; perfluoropentane sulfonate, PFPeS; perfluorohexane sulfonate, PFHxS; 
perfluoroheptane sulfonate, PFHpS; perfluorooctane sulfonate, PFOS; perfluorodecane sulfonate, PFDS) 
and  isotopically  labelled  analogues  (PFHxA13C2,  PFOA13C8,  PFDA13C2,  PFDoDA13C2,  PFBS13C2, 
PFHxS13C3, PFOS13C4 and PFOS13C8) were purchased from Wellington Laboratories (Ontario, Canada) as 
solutions of 50 µg/mL in methanol. The solvents methanol (LC‐MS grade, Honeywell, USA) and ultrapure 
water (Merck Millipore, Australia) were tested for PFAA contamination over the duration of the study prior 
to use. Ammonium hydroxide solution  (28%  in H2O,  ≥ 99.99%), sodium acetate, glacial acetic acid and 
ammonium acetate (≥ 99.99%) were purchased from Sigma‐Aldrich (Australia).  
Sample Extraction and Analysis 
250 mL of water was filtered using glass fibre filters (1.2 µm, Millipore, Ireland) and then spiked with 5 ng 
of  isotopically  labelled  13C  PFAA  labelled  standards prior  to  solid‐phase  extraction  (SPE). Weak  anion 
exchange cartridges (Oasis WAX, 6 CC, 150 mg, 30 µm, Waters, Australia) were pre‐conditioned with 4 mL 
0.1% (v/v) ammonium hydroxide in methanol, 4 mL methanol, and 4 mL ultrapure water. Water samples 
were loaded at ~1 mL/min and cartridges washed with 4 mL of pH 4 buffer (sodium acetate/acetic acid) 
then dried under vacuum for 10 minutes before elution into 15 mL polypropylene centrifuge tubes using 2 
mL MeOH that had been used to rinse the sample bottle, then 4 mL of 0.1% (v/v) ammonium hydroxide in 
 1. Shoemaker, J. A., Grimmett, P.E., Boutin, B.K. (2008). Determination of selected perfluorinated alkyl acids in drinking water by solid 
phase extraction and liquid chromatography/tandem mass spectrometry (LC/MS/MS). Publication 1.1. USEPA, Washington, DC. 
methanol. Eluents were evaporated to dryness under a gentle stream of nitrogen at 40°C and reconstituted 
to 500 µL in 50/50 methanol/ultrapure water before analysis. 
Analysis was performed on an Agilent Technologies 1290 infinity II liquid chromatograph (LC) coupled with 
an Agilent  technologies 6495B  tandem mass  spectrometer  (MS/MS)  in negative electrospray  ionisation 
mode (ESI). Separation was achieved on a Zorbax eclipse plus RRHD C18 column (3.0 x 50 mm, 1.8 µm, 
Agilent Technologies, USA). Gradient elution using 5 mM ammonium acetate  in ultrapure water (A) and 
methanol (B) at 400 µL min‐1 was used and the first 1.5 minutes was diverted to waste (t0 = 10% B; t0.5 = 
10% B; t2.5 = 55% B; t9 = 90% t9.5 = 100% B; t11.5 = 100% B; t11.6 = 10% B; t14 = 10% B). A delay column 
(Zorbax Eclipse Plus C18 RRHD, 4.6 x 50 mm, 3.5 µm, Agilent Technologies, USA) was installed between the 
solvent mixer and injector module to delay instrument contamination. Injector needle wash and seat back 
flush lines were replaced with peek tubing and stainless‐steel solvent filters. A dynamic multiple reaction 
monitoring  (dMRM) method was created based on optimised  transitions. The  two most abundant m/z 
transitions were used for qualitative identification of each compound except for PFBA and PFPeA where 
only one transition was available. The m/z transition with the highest intensity was used for quantitation. 
For PFASs with branched and linear isomers the combined peak area was quantified and reported as sum 
branched  and  linear  of  that  compound.  Linear  calibration  curves  with  8  levels  (r2  >  0.99)  in  50/50 
methanol/ultrapure water and  containing 5 ng/mL of  surrogate PFAAs  to match  sample extracts were 
derived.  
The limit of quantification was defined by the lowest calibration point with a signal to noise response of 
more than 10:1. Samples with PFAA response of signal to noise ratios < 3:1 were treated as non‐detect and 
zero  in  statistical analyses. Samples with PFAS  response of  signal  to noise  ratios 3:1< x <10:1; or PFAS 
concentrations below  the  lowest  calibration point were defined  as <LOQ.  In  statistical  analyses,  these 
values were set as one half of the limit of quantification. 
Quality Assurance / Quality Control (QA/QC) 
Two of each of  the  following QA/QCs were performed:  field  reagent blank  (FRB), method blank  (MB), 
laboratory control sample (LCS) and two sites were selected by random number generator to be sampled 
and analysed in triplicate. Method blanks for all PFAAs fell below the limit of detection except for PFBA (0.8 
ng/L)  and  PFHxA  (0.3  ng/L).  The  field  blank  contained  no  detectable  concentrations  for  14  of  the  16 
analysed PFAAs, however it did contain minor concentrations (≤1.2 ng/L) of PFOS, PFBA and PFHxA – these 
concentrations  were  below  half  of  the  lowest  detected  concentrations  in  the  samples  (within  the 
background site ‘B’).  LCS recoveries of 20 ng/L for target analytes were within recovery limits (70 – 130%) 
(Shoemaker, 20081) with the exception of PFDS (53% and 91% for the two samples).  
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Table S0‐7 PFAA concentrations in Fishermans Bend groundwater (concentrations in ng/L; average of duplicate sample analysis) 
Bore ID  PFBA  PFPeA  PFHxA  PFHpA  PFOA  PFNA  PFDA  PFUDA  ∑PFCA  PFBS  PFPeS  PFHxS  PFHpS  PFOS  ∑PFSA  ∑PFAA 
LI1‐W  <0.2  <0.2  46  <0.2  56  <0.2  <0.2  <0.2  100  14  <0.2  34  1  20  69  180 
LI2‐W  39  <0.2  <0.2  <0.2  74  <0.2  <0.2  5.3  120  8.9  6.8  34  4.4  71  130  240 
LI3  49  15  29  22  61  <0.2  <0.2  <0.2  180  16  8.8  35  <0.2  4.5  64  240 
LI4  <0.2  <0.2  17  <0.2  73  <0.2  <0.2  <0.2  90  10  3.5  14  <0.2  44  72  160 
LI5  5.1  <0.2  6.0  <0.2  5.1  <0.2  <0.2  <0.2  16  4.2  2.1  9.3  <0.2  33  49  65 
LI6‐W  13  <0.2  20  <0.2  12  <0.2  <0.2  <0.2  45  12  6.2  28  <0.2  24  70  120 
LI7  11  <0.2  12  <0.2  6.0  8.6  <0.2  <0.2  38  7.3  3.7  16  <0.2  16  43  81 
LI8  9.1  <0.2  <0.2  <0.2  7.5  <0.2  <0.2  <0.2  17  9.0  6.4  45  <0.2  26  86  100 
NI1  8.8  14  13  4.8  2.1  <0.2  <0.2  <0.2  43  2.1  <0.2  3.6  <0.2  1.3  7  49 
NI2  17  13  34  12  12  0.76  <0.2  <0.2  89  31  16  96  3.9  75  220  320 
NI3  11  12  19  <0.2  7.7  0.69  <0.2  <0.2  50  24  15  170  7.1  250  470  520 
NI4  24  6.3  29  3.8  18  0.73  1.3  <0.2  83  8.5  5.1  280  5.3  4800  5100  5200 
B  3.3  3.0  2.4  <0.2  1.7  0.67  2.2  <0.2  13  2.0  <0.2  2.6  <0.2  7.7  12  26 
LOD  0.2  0.2  0.2  0.2  0.2  0.2  0.2  0.2    0.2  0.2  0.2  0.2  0.2     
LOQ  0.8  0.2  0.2  0.2  0.2  0.2  0.2  0.2    0.2  0.2  0.2  0.2  0.2     
Detection 
frequency 
(%) 
85  69  92  100  100  31  54  15    100  100  100  69  100     
Minimum  <0.2  <0.2  <0.2  <0.2  1.7  <0.2  <0.2  <0.2  13  2.0  <0.2  2.6  <0.2  1.3  7  26 
Maximum  49  15  46  22  74  8.6  2.2  5.3  180  31  16  280  7.1  4800  5100  5200 
Median  11  12  19  8.4  12  0.73  1.8  <0.2  50  9.0  6.3  34  4.4  26  70  160 
<0.2 Below limit of quantification (LOQ)
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Figure S0‐5 Relationship between PFOA/∑PFAA and concentrations of ammonia‐N, bicarbonate and 
total organic carbon (TOC) (averages over 2 to 5 sampling rounds per bore) which are indicators of the 
degree of legacy landfill impact on groundwater quality.   
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Table S0‐8 Landfill leachate indicator concentrations in three landfill‐impacted bores across four 
seasons 
    Spring 
(November 2015) 
Autumn 
(May 2016) 
Early Winter 
(June 2016) 
Late Winter  
(August 2016) 
  Standard 
L/N ratio 
13 (10‐14)  12 (8‐15)  10 (7‐13)  10 (7‐12) 
M
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e in
di
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d m
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co
nc
en
tr
at
io
ns
 (m
g/
L)
* (r
an
ge
 in
 br
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ke
ts
) 
NH3‐N  16 (5.5‐27)  13 (5.7‐27)  9 (4.1‐17)  12 (5.3‐24) 
HCO3‐  928 (871‐1020)  1053 (941‐1110)  947 (883‐1050)  956 (822‐1150) 
K  39 (28‐50)  53 (31‐74)  44 (28‐54)  36 (26‐46) 
Na  182 (123‐214)  288 (147‐501)  244 (141‐374)  199 (126‐252) 
Ca  184 (87‐252)  255 (100‐427)  225 (92‐349)  207 (94‐272) 
Mg  55 (52‐98)  57 (49‐136)  80 (47‐101)  50 (46‐106) 
Cl  161 (138‐203)  268 (158‐479)  248 (168‐393)  201 (164‐276) 
SO42‐  175 (5‐405)  361 (<1‐962)  311 (<1‐780)  255 (5‐526) 
Al  0.03 (<0.01‐0.06)  0.03 (<0.01‐0.04)  0.02 (<0.01‐0.03)  0.02 (<0.01‐0.04) 
As  0.024 (0.001‐0.05)  0.013 (0.010‐0.015)  0.010 (0.008‐0.011)  0.012 (0.008‐0.014) 
Cd  <0.0001  <0.0001  <0.0001  <0.0001 
Cr  0.002 (<0.001‐0.002)  0.002 (<0.001‐0.002)  0.002 (<0.001‐0.002)  0.001 (<0.001‐0.002) 
Cu  <0.001  0.004 (<0.001‐0.012)  0.002 (<0.001‐0.003)  0.001 (<0.001‐0.002) 
Fe  15.9 (2.24‐35.6)  8.63 (5.39‐12.3)  8.64 (6.08‐10.6)  12.5 (5.85‐24.1) 
Mn  0.36 (0.15‐0.67)  0.34 (0.14‐0.49)  0.44 (0.14‐0.75)  0.35 (0.12‐0.58) 
Ni  0.009 (0.006‐0.011)  0.018 (0.008‐0.036)  0.007 (0.003‐0.011)  0.005 (0.004‐0.006) 
Pb  <0.001  0.002 (<0.001‐0.003)  0.001 (<0.001‐0.001)  <0.001 
Zn  0.013 (0.010‐0.015)  0.022 (0.014‐0.032)  0.017 (0.008‐0.034)  0.014 (0.009‐0.019) 
M
ea
n f
ie
ld
 
pa
ra
m
et
er
s  
(r
an
ge
 in
 br
ac
ke
ts
)  TDS  1506 (1366‐1749)  1998 (1489‐2971)  1687 (1238‐2378)  1393 (1221‐1424) 
DO  1.05 (0.12‐2.75)  0.27 (0.02‐0.64)  0.19 (0.01‐0.33)  0.15 (0.05‐0.30) 
pH  7.1 (6.7‐7.6)  6.7 (6.5‐7.0)  6.7 (6.2‐7.3)  6.9 (6.4‐7.4) 
ORP (mV)  ‐124 (‐95 ‐ ‐159)  ‐51 (‐105 ‐ +32)  ‐66 (‐90 ‐ ‐33)  ‐114 (‐138 ‐ ‐93) 
Temp. (°C)  17.8 (16.2‐19.1)  18.9 (18.1‐19.3)  18.3 (17.6‐19.0)  17.3 (15.4‐18.9) 
Water level    
(mAHD) 
0.50 (0.34‐0.72)  0.39 (0.23‐0.61)  0.43 (0.28‐0.64)  0.59 (0.47‐0.78) 
<0.0001 = below the limit of reporting (LOR) 
* where concentrations <LOR, half the value of the LOR was used to calculate the mean 
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Appendix A – Bore details 
Easting Northing
Top of Casing 
(TOC) Elevation 
(mAHD) Sub-precinct
Screen 
Interval
Gravel 
Pack
Bentonite 
Seal
Total Well 
Depth Fill
Port 
Melbourne 
Sand
Coode 
Island Silt
Older 
Volcanics
Screen Interval 
Lithology
Standing Water 
Level (SWL) range* 
(mbTOC)
SWL range 
(mAHD)
GW01 316394.91 5810553.15 2.495 2.5-4.5 2.0-4.5 1.0-2.0 4.5 0-4.5 - - - Fill 2.06-2.95 -0.46-0.44
GW02 316883.53 5810836.08 3.968 2.9-4.0 2.4-4.0 1.4-2.4 4.0 0-4.0 - - - Fill 3.23-3.38 0.59-0.74
GW03 317403.56 5811235.00 3.846 3.0-4.9 2.5-4.9 2.0-2.5 4.9 0-4.9 - - - Fill 3.01-3.18 0.67-0.84
GW04 317495.70 5811035.28 3.824 2.6-5.1 2.1-5.1 1.5-2.1 5.1 0-3.3 3.3-5.1 - - Fill + PMS 3.03-3.55 0.27-0.79
GW05 317935.75 5811143.34 3.049 2.5-4.5 2.0-4.5  1.0-2.0 4.5 0-3.8 3.8-4.5 - - Fill + PMS 2.18-2.51 0.54-0.87
GW06 316729.82 5810300.90 2.245 2.0-4.0 1.5-4.0  0.5-1.5 4.0 0-1.1 1.1-4.0 - - PMS 1.71-2.02 0.23-0.54
GW07 317194.71 5810680.71 3.086 3.0-5.5 2.5-5.5 1.5-2.5 5.5 0-1.9 1.9-5.5 - - PMS 2.62-2.74 0.35-0.47
GW08 317297.92 5810872.76 3.130 2.2-4.2 1.7-4.2  0.7-1.7 4.2 0-2.0 2.0-4.2 - - PMS 2.61-2.94 0.19-0.52
GW09 317637.81 5810767.87 3.284 3.5-5.5 3.1-5.5 0.5-3.1 5.5 0-3.0 3.0-5.5 - - PMS 2.70-2.87 0.41-0.58
GW10 318065.09 5810906.74 3.100 Sandridge 3.0-5.5 2.3-5.5 1.3-2.3 5.5 absent 0-5.5 - - PMS 2.56-2.90 0.20-0.54
GW11 317152.82 5810474.06 2.579 3.0-5.1 2.5-5.1 2.0-2.5 5.1 0-1.2 1.2-5.1 - - PMS 2.01-2.26 0.32-0.57
GW12 317697.98 5810560.80 2.851 2.2-4.2 1.7-4.2  0.7-1.7 4.2 0-1.6 1.6-4.2 - - PMS 2.46-2.77 0.08-0.39
GW13 317901.48 5811689.81 2.400 2.2-4.2 1.7-4.2 0.7-1.7 4.2 0-1.4 1.4-4.2 - - PMS 2.08-2.43 -0.03-0.32
GW14 318101.04 5811875.97 2.357 2.0-4.0 1.5-4.0 0.5-1.5 4.0 0-0.6 0.6-4.0 - - PMS 1.82-2.07 0.29-0.54
GW15 318511.98 5811770.42 1.221 2.5-4.5 2.0-4.5  1.0-2.0 4.5 0-1.8 absent 1.8-5.2 - CIS 0.64-1.13 0.09-0.58
GW16 318174.41 5811683.82 2.477 2.0-4.0 1.5-4.0  0.5-1.5 4.0 0-2.5 2.5-4.0 - - PMS 2.00-2.22 0.26-0.47
GW17 318393.83 5811564.62 2.037 1.5-3.0 1.0-3.0 0.0-1.0 3.0 0-0.8 0.8-3.0 - - PMS 2.06-2.39 -0.35--0.02
GW18 318703.33 5811581.43 0.781 2.0-4.5 1.6-4.5 1.0-1.6 4.5 0-1.6 1.6-1.8 1.8-4.5 - CIS 1.26-1.63 -0.85--0.48
GW19 319006.47 5811598.53 1.557 2.5-5.5 1.5-5.5  0.5-1.5 5.5 0-1.4 absent 1.4-5.5 - CIS 0.96-1.15 0.41-0.60
GW20 318261.47 5811117.54 3.165 2.0-5.0 1.9-5.0  0.2-1.9 5.0 0-2.5 2.5-5.0 - - Fill + PMS 2.66-2.99 0.18-0.51
GW21 318290.55 5811395.36 2.605 2.5-4.0 2.0-2.5  1.0-2.0 4.0 0-1.5 1.5-4.0 - - PMS 2.19-2.58 0.03-0.42
GW22 318533.36 5811478.34 2.021 2.5-4.0 2.0-4.0  1.5-2.0 4.0 0-1.5 1.5-4.0 - - PMS 1.93-2.41 -0.39-0.09
GW23 318642.63 5811353.20 1.903 2.5-4.0 3.0-4.0  1.0-1.5 4.0 0-2.5 2.5-4.0 - - PMS 1.88-2.34 -0.44-0.02
GW24 318946.18 5811288.49 1.673 1.2-3.0 1.0-3.0 0.0-1.0 3.0 0-1.2 1.2-2.9 2.9-5.0 - PMS + CIS 0.97-1.63 0.04-0.70
GW25 318101.97 5811275.06 3.415 2.0-4.45 2.1-4.45 0.5-2.0 4.5 0-1.9 1.9-5.0 - - PMS 2.68-3.03 0.39-0.74
GW26 318451.65 5811145.19 2.448 2.0-4.0 1.8-4.0 1.1-1.8 4.0 0-1.6 1.6-5.0 - - PMS 2.11-2.65 -0.20-0.34
GW27 318747.11 5811075.77 2.302 2.4-5.0 1.9-5.0 1.3-1.9 5.0 0-1.3 1.3-5.0 - - PMS 2.46-3.20 -0.90--0.16
GW28 319063.09 5811183.31 1.619 1.7-2.5 1.5-2.5 1.0-1.5 2.5 0-1.6 1.6-2.5 2.5-5.0 - PMS 0.86-1.48 0.14-0.76
GW29^ 318279.19 5810658.74 2.582 2.0-4.0 1.5-4.0  0.5-1.5 4.0 0-2.0 2.0-4.0 - - PMS 2.80-3.03 -0.45--0.22
GW30 318719.82 5810867.90 2.158 2.1-4.5 1.8-4.5 0.6-1.8 4.5 0-1.7 1.7-4.5 - - PMS 2.30-2.83 -0.67--0.14
GW31 319277.30 5811331.14 1.487 2.5-4.5 2.0-4.5 1.0-2.0 4.5 0-0.8 0.8-1.9 1.9-4.5 - CIS 1.15-1.66 -0.17-0.34
GW32 319493.56 5811327.30 1.875 - - - 7.8 - - - - - 2.13-2.33 -0.46--0.26
GW33 319762.95 5811306.55 2.511 2.0-4.0 1.5-4.0 0.5-1.5 4.0 0-2.7 2.7-4.0 4.0-5.0 - Fill + PMS 2.08-2.36 0.15-0.43
GW34 319678.82 5811135.90 1.098 1.7-4.0 1.4-4.0 0.8-1.4 4.0 0-2.2 2.2-3.5 3.5-4.5 - Fill + PMS + CIS 1.15-1.80 -0.70--0.05
GW35 320094.53 5811199.72 2.002 - - - 4.0 - - - - - 1.79-2.63 -0.63-0.21
GW36 319337.66 5810985.77 1.667 1.0-3.5 1.0-3.5 0.4-1.0 3.5 0-1.2 1.2-5.0 - - PMS 2.29-2.67 -1.00--0.62
GW37 319483.13 5810855.55 2.235 4.0-7.0 3.5-7.0 1.5-3.5 7.0 0-0.6 0.6-2.7 2.7-3.1 3.1-7.0 OV 2.74-2.92 -0.69--0.51
GW38 319724.09 5810818.18 2.362 4.0-7.0 3.5-7.0 2.5-3.5 7.0 absent 0-2.0 absent 2.0-7.0 OV 3.20-3.62 -1.26--0.84
# Note the last logged lithology does not equate to the base of the unit (i.e. unit may extend beyond base of borehole) 
*SWL range recorded during multiple gauging events between November 2015 and May 2017
" - " denotes information unknown (pre-existing borehole)
^Located immediately south of the Sandridge precinct
Bore ID
Montague
Lorimer
Wirraway
Groundwater LevelLithology (mBTOC) #Location
Wirraway
Sandridge
Construction details (mbTOC)
Appendix B – Groundwater results 
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LocCode Sampled_Date-Time Monitoring_Round
GW01 20/11/2015 November 2015 GME 1,740 1,740 106,000 815  - 0.4  - 0.02 0.03  - 740  - 2,960 <0.001 0.01 0.003 <0.0001 42 0.005 <0.001 7.57 92 0.04 <0.0001 0.028 162 <0.01 0.009
GW01 17/05/2016 May 2016 GME 1,640 1,640 91,600 856  - 0.4  - 0.01 <0.01  - 846  - 2,780 <0.001 <0.01 0.003 <0.0001 32 0.005 <0.001 5.18 83 0.035 <0.0001 0.021 197 <0.01 0.006
GW01 11/06/2016 June 2016 GME 1,600 1,600 100,000 889 5.36 0.4 133 0.05  -  - 778  -  - <0.001 <0.01 0.003 <0.0001 49 0.005 <0.001 5.73 96 0.055  - 0.015 162 <0.01 0.01
GW02 20/11/2015 November 2015 GME 1,470 1,470 78,100 307  - 0.5  - 0.1 <0.01  - 443  - 1,910 <0.001 <0.01 0.003 <0.0001 69 0.004 <0.001 13.6 81 0.092 <0.0001 0.052 44 <0.01 <0.005
GW02 18/05/2016 May 2016 GME 1,460 1,460 72,500 323  - 0.6  - <0.01 <0.01  - 441  - 1,770 <0.001 <0.01 0.004 <0.0001 70 0.005 <0.001 10.5 76 0.07 <0.0001 0.042 42 <0.01 0.014
GW02 11/06/2016 June 2016 GME 1,430 1,430 55,400 331 9.77 0.5 73.9 0.01  -  - 493  -  - <0.001 <0.01 0.004 <0.0001 66 0.005 <0.001 11.6 80 0.071  - 0.017 41 <0.01 0.021
GW03 19/11/2015 November 2015 GME 852 852 2,230 101  - 0.4  - 0.05 <0.01  - 143  - 1,390 <0.001 0.04 0.007 <0.0001 176 <0.001 <0.001 6.85 94 0.475 <0.0001 0.014 41 <0.01 0.029
GW03 17/05/2016 May 2016 GME 912 912 1,840 117  - 0.5  - 0.02 <0.01  - 159  - 1,400 <0.001 <0.01 0.009 <0.0001 171 <0.001 <0.001 8.32 100 0.519 <0.0001 0.007 43 <0.01 0.007
GW03 11/05/2017 May 2017 GME 936 936 780 140 9.04  - 6 <0.01  -  - 172  -  - <0.001 <0.01 0.009 <0.0001 180 <0.001 0.002 9.43 103 0.678  - 0.005 44 <0.01 0.042
GW04 19/11/2015 November 2015 GME 535 535 50 22  - 0.3  - 0.02 0.04  - 46  - 787 <0.001 0.04 0.002 <0.0001 174 <0.001 0.002 0.25 41 0.098 <0.0001 0.042 12 <0.01 0.09
GW04 17/05/2016 May 2016 GME 535 535 80 24  - 0.4  - 0.02 <0.01  - 50  - 1,120 <0.001 <0.01 0.003 <0.0001 212 <0.001 0.001 0.53 47 0.192 <0.0001 0.028 14 <0.01 0.027
GW04 12/05/2017 May 2017 GME 593 593 60 30 0.1  - <0.1 <0.01  -  - 54 <0.1  - 0.001 0.02 <0.001 0.0002 170 <0.001 0.011 0.15 47 0.012  - 0.003 13 <0.01 0.123
GW05 18/11/2015 November 2015 GME 1,020 1,020 5,520 138  - 0.5  - 0.05 <0.01  - 208  - 1,330 <0.001 <0.01 0.001 <0.0001 87 <0.001 <0.001 2.24 98 0.264 <0.0001 0.009 50 <0.01 0.015
GW05 17/05/2016 May 2016 GME 1,110 1,110 7,170 158  - 0.4  - 0.03 <0.01  - 217  - 1,250 0.002 <0.01 0.01 <0.0001 100 <0.001 <0.001 12.3 106 0.402 <0.0001 0.008 55 <0.01 0.021
GW05 11/05/2017 May 2017 GME 1,120 1,120 5,820 171 12  - 6.3 <0.01  -  - 213  -  - <0.001 <0.01 0.009 <0.0001 85 <0.001 0.003 12.2 96 0.362  - 0.003 52 <0.01 0.031
GW05 10/06/2016 June 2016 GME 1,050 1,050 4,050 168 7.49 0.5 4 <0.01  - <0.02 217  -  - <0.001 <0.01 0.008 <0.0001 92 <0.001 0.001 9.24 101 0.433  - 0.003 50 <0.01 0.008
GW05 11/08/2016 August 2016 GME 1,150 1,150 5,330 164  - 0.6 5.3 <0.01  -  - 218  -  - <0.001 <0.01 0.008 <0.0001 94 <0.001 <0.001 7.43 106 0.338  - 0.005 46 <0.01 0.019
GW06 20/11/2015 November 2015 GME 871 871 14,600 203  - 0.3  - 0.01 <0.01  - 214  - 1,550 <0.001 0.03 0.05 <0.0001 252 0.002 <0.001 35.6 76 0.671 <0.0001 0.011 39 <0.01 0.014
GW06 16/05/2016 May 2016 GME 1,110 1,110 5,670 479  - 0.8  - 0.52 <0.01  - 501  - 3,360 <0.001 0.04 0.013 <0.0001 427 0.002 0.012 5.39 136 0.489 <0.0001 0.036 74 <0.01 0.032
GW06 11/06/2016 June 2016 GME 883 883 5,330 393 9.03 0.6 7.7 <0.01  -  - 374  -  - <0.001 0.03 0.011 <0.0001 349 0.002 0.003 10.6 98 0.749  - 0.011 54 <0.01 0.034
GW06 11/08/2016 August 2016 GME 822 822 6,290 276  - 0.4 9.3 <0.01  -  - 252  -  - <0.001 0.02 0.014 <0.0001 272 0.001 0.002 24.1 76 0.578  - 0.004 35 <0.01 0.009
GW07 19/11/2015 November 2015 GME 894 894 26,700 142  - 0.4  - 0.02 0.03  - 123  - 1,250 <0.001 0.06 0.021 <0.0001 212 0.002 <0.001 9.95 52 0.15 <0.0001 0.006 28 <0.01 0.01
GW07 17/05/2016 May 2016 GME 941 941 26,800 167  - 0.4  - 0.37 <0.01  - 147  - 1,370 0.003 0.03 0.015 <0.0001 237 0.002 <0.001 8.19 49 0.137 <0.0001 0.009 31 <0.01 0.014
GW07 10/06/2016 June 2016 GME 907 907 17,400 183 5.15 0.4 33 0.26  - 0.03 141  -  - 0.001 0.02 0.011 <0.0001 233 0.002 <0.001 6.08 47 0.142  - 0.006 28 <0.01 0.009
GW07 11/08/2016 August 2016 GME 895 895 23,500 164  - 0.4 29.8 0.06  -  - 126  -  - <0.001 0.04 0.014 <0.0001 255 0.002 <0.001 5.85 46 0.119  - 0.006 26 <0.01 0.013
GW08 19/11/2015 November 2015 GME 406 406 2,680 38  - 0.3  - 0.02 <0.01  - 46  - 996 <0.001 0.06 0.003 <0.0001 209 0.001 <0.001 2.65 29 0.253 <0.0001 0.009 15 <0.01 0.009
GW08 17/05/2016 May 2016 GME 408 408 3,390 59  - 0.4  - 0.14 <0.01  - 50  - 1,020 <0.001 0.02 0.003 <0.0001 209 0.001 <0.001 1.35 30 0.196 <0.0001 0.018 17 <0.01 <0.005
GW08 12/05/2017 May 2017 GME 428 428 2,720 41 1.72  - 2.8 <0.01  -  - 43 <1  - <0.001 0.03 0.002 <0.0001 198 0.002 0.001 1.41 27 0.275  - 0.002 17 <0.01 0.02
GW09 19/11/2015 November 2015 GME 436 436 7,860 102  - 0.3  - 0.02 <0.01  - 149  - 1,240 <0.001 0.03 0.001 <0.0001 203 <0.001 <0.001 20 36 0.346 <0.0001 0.06 25 <0.01 0.016
GW09 17/05/2016 May 2016 GME 422 422 6,030 87  - 0.3  - <0.01 <0.01  - 134  - 1,160 <0.001 <0.01 <0.001 <0.0001 186 <0.001 <0.001 14.6 32 0.318 <0.0001 0.016 24 <0.01 <0.005
GW09 10/06/2016 June 2016 GME 394 394 4,380 90 11.4 0.3 12.3 0.01  - 0.02 122  -  - <0.001 <0.01 <0.001 <0.0001 174 <0.001 0.001 11.9 31 0.308  - <0.001 22 <0.01 0.007
GW10 18/11/2015 November 2015 GME 236 236 240 33  - 0.4  - 0.16 <0.01  - 58  - 642 <0.001 0.02 0.007 <0.0001 83 0.002 0.002 4.92 27 0.066 <0.0001 0.009 10 <0.01 0.062
GW10 18/05/2016 May 2016 GME 260 260 510 28  - 0.4  - <0.01 <0.01  - 47  - 557 0.001 0.04 0.014 <0.0001 74 0.002 0.002 4.17 24 0.041 <0.0001 0.016 9 <0.01 0.04
GW10 12/05/2017 May 2017 GME 180 180 260 21 1.6  - 1.2 0.01  -  - 32 <1  - 0.003 0.05 0.009 <0.0001 53 0.003 0.016 1.31 16 0.021  - 0.004 7 <0.01 0.09
GW11 19/11/2015 November 2015 GME 186 186 1,050 20  - 0.4  - <0.01 <0.01  - 111  - 632 <0.001 0.05 0.009 <0.0001 62 0.001 <0.001 1.08 4 0.073 <0.0001 0.007 10 <0.01 0.006
GW11 16/05/2016 May 2016 GME 244 244 820 15  - 0.3  - 0.03 0.04  - 38  - 456 <0.001 0.02 0.006 <0.0001 101 <0.001 <0.001 1.08 6 0.077 <0.0001 0.016 9 <0.01 0.012
GW12 19/11/2015 November 2015 GME 334 334 170 186  - 0.1  - 1.03 <0.01  - 115  - 1,380 <0.001 0.03 0.012 <0.0001 262 <0.001 <0.001 2.61 36 0.113 <0.0001 0.008 25 <0.01 0.015
GW12 16/05/2016 May 2016 GME 353 353 150 142  - 0.2  - 0.04 <0.01  - 95  - 1,170 <0.001 <0.01 0.009 <0.0001 228 <0.001 0.002 1.2 29 0.06 <0.0001 0.027 20 <0.01 0.021
GW12 12/05/2017 May 2017 GME 375 375 60 109 1.27  - 1.1 0.27  -  - 79 <0.1  - 0.002 0.01 0.006 <0.0001 188 0.001 0.01 1.19 23 0.049  - 0.006 18 <0.01 0.055
GW13 18/11/2015 November 2015 GME 343 343 110 20  - 0.6  - 0.57 <0.01  - 54  - 751 0.001 0.03 0.004 <0.0001 111 <0.001 0.002 0.83 29 0.082 <0.0001 0.02 12 <0.01 0.028
GW13 18/05/2016 May 2016 GME 330 330 60 20  - 0.9  - 0.1 <0.01  - 50  - 612 <0.001 0.03 0.007 <0.0001 94 <0.001 <0.001 0.85 24 0.076 <0.0001 0.015 12 <0.01 0.013
GW14 17/11/2015 November 2015 GME 85 85 20 16  - 0.5  - 0.05 0.18  - 16  - 336 <0.001 0.06 0.005 <0.0001 24 <0.001 0.002 0.05 4 0.002 <0.0001 0.054 3 <0.01 0.02
GW14 17/05/2016 May 2016 GME 96 96 <10 11  - 0.7  - 0.02 0.17  - 13  - 331 <0.001 <0.01 0.004 <0.0001 25 <0.001 0.001 <0.05 4 0.001 <0.0001 0.021 4 <0.01 0.017
GW14 10/06/2016 June 2016 GME  -  -  -  -  -  -  -  -  - <0.02  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  - 
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LocCode Sampled_Date-Time Monitoring_Round
GW15 17/11/2015 November 2015 GME 2,790 2,790 47,000 12,100  - 0.5  - 16.4 1.51  - 7,680  - 30,300 <0.001 0.15 0.076 <0.0001 319 0.012 0.001 0.98 1,200 0.408 <0.0001 0.204 209 <0.01 <0.005
GW15 18/05/2016 May 2016 GME 3,130 3,130 26,400 12,300  - 0.6  - 2.9 4.28  - 7,500  - 24,200 <0.001 0.04 0.058 <0.0001 387 0.013 0.002 0.16 1,170 0.194 <0.0001 0.023 222 <0.01 0.015
GW15 11/06/2016 June 2016 GME 2,340 2,340 45,400 11,400 0.7 0.5 56.9 0.02  -  - 6,640  -  - <0.001 0.08 0.028 <0.0001 263 0.018 <0.001 0.92 864 0.198  - 0.026 165 <0.01 0.006
GW16 17/11/2015 November 2015 GME 352 352 390 34  - 0.6  - 0.03 0.02  - 67  - 881 <0.001 0.03 0.014 <0.0001 127 <0.001 <0.001 3.87 38 0.304 <0.0001 0.045 24 <0.01 0.091
GW16 17/05/2016 May 2016 GME 263 263 200 26  - 0.7  - 0.02 0.03  - 47  - 706 0.002 0.01 0.025 <0.0001 66 0.002 <0.001 3.08 17 0.079 <0.0001 0.016 20 <0.01 0.026
GW16 11/05/2017 May 2017 GME 360 360 120 29 4.83  - 0.4 <0.01  -  - 70 <1  - 0.001 0.01 0.021 <0.0001 82 0.002 0.007 4.14 22 0.142  - 0.01 20 <0.01 0.059
GW16 11/08/2016 August 2016 GME 267 267 80 22  - 0.6 <0.1 <0.01  -  - 44  -  - <0.001 0.04 0.026 <0.0001 61 0.002 0.001 1.66 16 0.052  - 0.007 17 <0.01 0.028
GW17 18/11/2015 November 2015 GME 350 350 1,090 83  - 0.4  - 0.03 0.02  - 139  - 1,020 <0.001 0.03 0.004 <0.0001 127 0.002 <0.001 1.61 30 0.329 <0.0001 0.042 14 <0.01 <0.005
GW17 17/05/2016 May 2016 GME 374 374 940 78  - 0.6  - 0.05 0.09  - 133  - 849 <0.001 0.02 0.001 <0.0001 121 0.002 <0.001 1.7 28 0.287 <0.0001 0.013 13 <0.01 <0.005
GW18 17/11/2015 November 2015 GME 3,070 3,070 30,500 12,200  - 0.7  - 0.07 3.47  - 6,770  - 23,500 <0.001 0.03 0.023 <0.0001 355 0.012 <0.001 <0.05 975 0.094 <0.0001 0.004 182 <0.01 <0.005
GW18 18/05/2016 May 2016 GME 2,930 2,930 36,600 11,700  - 0.8  - 0.04 4.08  - 7,260  - 22,900 <0.001 0.03 0.01 <0.0001 371 0.012 <0.001 0.07 972 0.075 <0.0001 0.005 190 <0.01 <0.005
GW19 17/11/2015 November 2015 GME 2,460 2,460 35,200 10,500  - 0.6  - 0.02 0.01  - 5,330  - 21,400 <0.001 0.03 0.004 <0.0001 258 0.014 0.002 28.3 843 0.581 <0.0001 0.087 158 <0.01 0.07
GW19 18/05/2016 May 2016 GME 2,440 2,440 26,800 10,400  - 0.5  - 0.08 1.7  - 5,940  - 20,600 <0.001 0.05 0.002 <0.0001 338 0.01 <0.001 8.22 962 0.341 <0.0001 0.053 190 <0.01 0.006
GW19 11/06/2016 June 2016 GME 2,280 2,280 46,000 10,600 34.4 <0.1 54 0.01  -  - 5,810  -  - <0.001 0.04 0.005 <0.0001 301 0.023 <0.001 42.5 852 0.753  - 0.012 166 <0.01 0.009
GW19 11/08/2016 August 2016 GME 2,590 2,590 32,100 11,000  - 0.7 57.6 0.02  -  - 6,210  -  - <0.001 0.14 0.004 <0.0001 270 0.015 0.051 7.55 906 0.439  - 0.003 164 <0.01 0.032
GW20 18/11/2015 November 2015 GME 700 700 5,800 113  - 0.8  - <0.01 <0.01  - 217  - 1,740 <0.001 0.04 0.007 <0.0001 240 <0.001 <0.001 4.8 78 0.233 <0.0001 0.022 24 <0.01 0.014
GW20 17/05/2016 May 2016 GME 720 720 6,160 124  - 0.9  - 0.02 0.05  - 218  - 2,220 <0.001 0.01 0.004 <0.0001 308 <0.001 <0.001 6.14 66 0.229 <0.0001 0.008 24 <0.01 0.092
GW20 11/05/2017 May 2017 GME 832 832 4,930 126 5.24  - 4.9 <0.01  -  - 235  -  - <0.001 0.01 0.003 <0.0001 210 <0.001 <0.001 5.28 73 0.198  - <0.001 23 <0.01 0.014
GW20 11/06/2016 June 2016 GME 699 699 4,850 129 4.8 0.8 6.3 0.05  -  - 228  -  - <0.001 0.01 0.004 0.0001 310 <0.001 <0.001 5.21 66 0.248  - 0.004 24 <0.01 0.016
GW21 18/11/2015 November 2015 GME 222 222 640 36  - 0.5  - 0.02 <0.01  - 79  - 787 <0.001 0.01 0.006 <0.0001 102 0.002 <0.001 11.8 23 0.202 <0.0001 0.015 6 <0.01 <0.005
GW21 17/05/2016 May 2016 GME 261 261 620 34  - 0.6  - 0.01 <0.01  - 93  - 875 <0.001 0.02 0.004 <0.0001 125 0.002 <0.001 14.7 25 0.216 <0.0001 0.029 7 <0.01 0.014
GW21 11/05/2017 May 2017 GME 347 347 860 42 10.3  - 1.8 0.03  -  - 154  -  - <0.001 0.01 0.002 <0.0001 85 0.003 <0.001 10.3 18 0.195  - 0.002 8 <0.01 0.022
GW22 18/11/2015 November 2015 GME 58 58 1,000 81  - 0.2  - 0.06 <0.01  - 89  - 819 0.004 0.3 0.01 0.0001 61 0.007 <0.001 11.7 28 0.215 <0.0001 0.031 10 <0.01 0.284
GW22 18/05/2016 May 2016 GME 117 117 1,270 131  - 0.4  - 0.09 <0.01  - 118  - 942 0.005 0.29 0.004 0.0003 73 0.006 0.002 7.03 35 0.217 <0.0001 0.028 15 <0.01 0.12
GW22 10/06/2016 June 2016 GME 106 106 1,370 133 5.79 0.4 1.9 0.16  - 0.09 107  -  - 0.003 0.16 0.003 0.0003 68 0.006 0.002 6.68 34 0.248  - 0.011 13 <0.01 0.168
GW22 11/08/2016 August 2016 GME 34 34 60 26  - <0.1 1.7 3.47  -  - 28  -  - 0.009 0.15 0.001 0.0001 30 0.005 0.06 0.45 10 0.006  - 0.007 1 <0.01 0.133
GW23 17/11/2015 November 2015 GME 173 173 1,810 398  - 0.3  - 0.05 <0.01  - 279  - 1,860 <0.001 0.06 0.003 <0.0001 202 0.002 0.002 10.8 54 0.293 <0.0001 0.03 25 <0.01 0.154
GW23 18/05/2016 May 2016 GME 149 149 2,040 605  - 0.3  - 0.01 <0.01  - 352  - 2,020 <0.001 0.09 <0.001 <0.0001 205 0.003 <0.001 11.7 55 0.362 <0.0001 0.076 27 <0.01 0.049
GW23 10/06/2016 June 2016 GME 125 125 2,450 771 11.8 0.2 2.6 <0.01  - 0.03 441  -  - <0.001 0.07 <0.001 <0.0001 195 0.003 0.004 12.4 60 0.413  - 0.01 26 <0.01 0.077
GW24 17/11/2015 November 2015 GME 644 644 13,200 647  - 0.7  - 0.05 0.27  - 416  - 1,780 <0.001 0.04 0.007 <0.0001 83 0.003 <0.001 13.7 59 0.441 <0.0001 0.021 35 <0.01 0.006
GW24 18/05/2016 May 2016 GME 825 825 7,090 721  - 0.9  - 0.03 <0.01  - 478  - 1,800 <0.001 0.02 0.012 <0.0001 130 0.003 <0.001 21.2 74 0.612 <0.0001 0.016 39 <0.01 0.005
GW24 10/06/2016 June 2016 GME 768 768 7,390 764 18 0.8 18.6 <0.01  - 0.05 472  -  - <0.001 0.01 0.009 <0.0001 121 0.003 <0.001 18.5 71 0.673  - 0.003 36 <0.01 0.195
GW25 18/11/2015 November 2015 GME 605 605 4,710 69  - 0.4  - 0.02 <0.01  - 194  - 2,200 <0.001 0.04 0.006 <0.0001 273 <0.001 <0.001 13.9 139 0.739 <0.0001 0.015 34 <0.01 0.01
GW25 16/05/2016 May 2016 GME 616 616 4,410 72  - 0.5  - 0.02 <0.01  - 192  - 2,230 <0.001 0.01 0.002 <0.0001 293 0.001 <0.001 13.5 144 0.708 <0.0001 0.017 36 <0.01 0.007
GW25 11/05/2017 May 2017 GME 544 544 4,340 51 17  - 4.4 <0.01  -  - 146  -  - <0.001 0.03 0.005 <0.0001 278 0.001 0.004 16.8 129 0.741  - 0.002 34 <0.01 0.04
GW25 10/06/2016 June 2016 GME 598 598 3,150 79 11.2 0.5 3.2 <0.01  - 0.1 203  -  - <0.001 <0.01 0.002 <0.0001 287 0.002 <0.001 12.5 139 0.746  - 0.002 34 <0.01 0.009
GW26 18/11/2015 November 2015 GME 114 114 310 15  - 0.3  - 0.27 <0.01  - 32  - 1,360 <0.001 0.03 0.003 <0.0001 276 0.001 <0.001 0.72 25 0.462 <0.0001 0.047 8 <0.01 1.05
GW26 16/05/2016 May 2016 GME 95 95 100 13  - 0.3  - 0.11 <0.01  - 27  - 1,330 <0.001 0.01 0.001 0.0002 333 <0.001 <0.001 0.92 21 0.279 <0.0001 0.056 8 <0.01 1.21
GW26 11/05/2017 May 2017 GME 108 108 <10 22 <0.05  - 1 0.36  -  - 18  -  - <0.001 0.01 0.003 0.0004 151 <0.001 0.003 0.13 11 0.123  - 0.017 4 <0.01 0.59
GW26 11/06/2016 June 2016 GME 88 88 90 14 0.58 0.2 0.7 0.06  -  - 23  -  - <0.001 <0.01 <0.001 <0.0001 257 <0.001 0.003 0.53 15 0.31  - 0.034 6 <0.01 0.95
GW27 18/11/2015 November 2015 GME 256 256 540 31  - 0.5  - 0.02 <0.01  - 144  - 1,040 <0.001 0.11 <0.001 <0.0001 123 0.001 <0.001 20.1 30 0.542 <0.0001 0.016 8 <0.01 0.017
GW27 18/05/2016 May 2016 GME 238 238 950 36  - 0.5  - 0.01 <0.01  - 45  - 1,090 <0.001 0.05 0.001 <0.0001 221 0.001 <0.001 22.2 31 0.953 <0.0001 0.029 12 <0.01 0.025
GW27 12/05/2017 May 2017 GME 90 90 40 12 <0.05  - <0.1 0.06  -  - 14 <0.1  - 0.002 0.02 <0.001 <0.0001 30 <0.001 0.021 <0.05 3 0.008  - 0.002 <1 <0.01 0.039
GW27 10/06/2016 June 2016 GME 120 120 430 23 10.1 0.4 0.4 0.01  - 0.04 26  -  - <0.001 0.06 <0.001 <0.0001 121 <0.001 <0.001 10.9 20 0.493  - 0.003 6 <0.01 0.026
GW28 17/11/2015 November 2015 GME 914 914 9,000 104  - 0.7  - 0.02 <0.01  - 233  - 1,200 <0.001 0.02 0.009 <0.0001 80 0.001 0.001 4.28 43 0.354 <0.0001 0.02 28 <0.01 0.012
GW28 18/05/2016 May 2016 GME 1,160 1,160 7,390 225  - 1.8  - 0.01 0.59  - 674  - 2,120 <0.001 <0.01 0.002 <0.0001 75 0.002 <0.001 1.52 46 0.206 <0.0001 0.026 29 <0.01 <0.005
GW28 11/05/2017 May 2017 GME 800 800 6,610 232 3.57  - 6.7 0.02  -  - 446 <2  - <0.001 <0.01 0.001 <0.0001 91 0.001 0.007 2.94 74 0.337  - 0.007 44 <0.01 0.033
Fishermans Bend
Al
ka
lin
ity
 (B
ic
ar
bo
na
te
 a
s C
aC
O
3)
Al
ka
lin
ity
 (t
ot
al
) a
s C
aC
O
3
Am
m
on
ia
 a
s N
Ch
lo
rid
e
Fe
rr
ou
s I
ro
n
Fl
uo
rid
e
Kj
el
da
hl
 N
itr
og
en
 T
ot
al
N
itr
at
e 
(a
s N
)
Re
ac
tiv
e 
Ph
os
ph
or
us
 a
s P
Re
si
du
al
 C
hl
or
in
e
So
di
um
 (F
ilt
er
ed
)
Su
lp
hi
de
TD
S
Le
ad
 (F
ilt
er
ed
)
Al
um
in
iu
m
 (F
ilt
er
ed
)
Ar
se
ni
c 
(F
ilt
er
ed
)
Ca
dm
iu
m
 (F
ilt
er
ed
)
Ca
lc
iu
m
 (F
ilt
er
ed
)
Ch
ro
m
iu
m
 (I
II+
VI
) (
Fi
lte
re
d)
Co
pp
er
 (F
ilt
er
ed
)
Iro
n 
(F
ilt
er
ed
)
M
ag
ne
si
um
 (F
ilt
er
ed
)
M
an
ga
ne
se
 (F
ilt
er
ed
)
M
er
cu
ry
 (F
ilt
er
ed
)
N
ic
ke
l (
Fi
lte
re
d)
Po
ta
ss
iu
m
 (F
ilt
er
ed
)
Se
le
ni
um
 (F
ilt
er
ed
)
Zi
nc
 (F
ilt
er
ed
)
mg/L mg/L µg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
1 1 10 1 0.05 0.1 0.1 0.01 0.01 0.02 1 0.1 10 0.001 0.01 0.001 0.0001 1 0.001 0.001 0.05 1 0.001 0.0001 0.001 1 0.01 0.005
LocCode Sampled_Date-Time Monitoring_Round
GW29 18/11/2015 November 2015 GME 396 396 190 88  - 0.2  - 0.29 <0.01  - 105  - 1,060 <0.001 0.03 0.006 <0.0001 176 <0.001 <0.001 5.54 28 0.108 <0.0001 0.012 10 <0.01 0.01
GW29 18/05/2016 May 2016 GME 449 449 160 86  - 0.3  - 0.02 <0.01  - 92  - 978 <0.001 <0.01 0.006 <0.0001 176 <0.001 0.001 6.34 29 0.056 <0.0001 0.075 12 <0.01 0.018
GW30 18/11/2015 November 2015 GME 33 33 860 31  - <0.1  - 0.02 0.02  - 64  - 1,170 <0.001 0.21 0.007 <0.0001 143 0.012 <0.001 50.6 29 0.25 <0.0001 0.029 9 <0.01 0.054
GW30 18/05/2016 May 2016 GME <1 <1 1,000 29  - 0.1  - <0.01 0.04  - 59  - 1,760 0.006 12.5 0.01 0.0016 179 0.059 0.006 110 34 0.647 <0.0001 0.541 9 <0.01 0.349
GW30 10/06/2016 June 2016 GME <1 <1 970 30 123 <0.1 1.2 0.22  - 0.1 59  -  - 0.011 21.4 0.013 0.0025 186 0.108 0.2 168 34 0.969  - 0.328 8 <0.01 0.868
GW30 11/08/2016 August 2016 GME 31 31 970 27  - 0.1 1 0.04  -  - 50  -  - 0.003 0.33 0.055 <0.0001 144 0.014 0.016 43 30 0.256  - 0.006 8 <0.01 0.329
GW31 17/11/2015 November 2015 GME 574 574 3,960 3,250  - 0.3  - 0.02 <0.01  - 1,620  - 6,860 <0.001 <0.01 0.003 <0.0001 496 <0.001 <0.001 49.8 259 0.61 <0.0001 0.024 81 <0.01 0.016
GW31 18/05/2016 May 2016 GME 373 373 5,680 2,990  - 0.4  - 0.03 <0.01  - 1,110  - 7,510 <0.001 <0.01 0.007 <0.0001 797 0.001 <0.001 56.6 384 0.464 <0.0001 0.038 99 <0.01 0.013
GW31 12/05/2017 May 2017 GME 484 484 640 3,320 32.4  - 0.8 0.01  -  - 1,520 0.2  - <0.001 <0.01 0.009 <0.0001 746 <0.001 0.002 28.2 206 0.369  - 0.002 60 <0.01 0.043
GW32 19/11/2015 November 2015 GME 601 601 10,900 4,820  - 0.7  - 0.02 0.38  - 2,230  - 9,950 <0.001 <0.01 <0.001 <0.0001 845 <0.001 <0.001 0.2 273 3.25 <0.0001 <0.001 54 <0.01 0.006
GW32 18/05/2016 May 2016 GME 597 597 11,000 4,460  - 0.8  - <0.01 0.2  - 2,090  - 9,780 <0.001 <0.01 <0.001 <0.0001 836 <0.001 <0.001 0.31 313 3.34 <0.0001 <0.001 51 <0.01 0.006
GW33 16/11/2015 November 2015 GME 774 774 9,350 94  - 0.2  - 0.04 <0.01  - 55  - 837 0.002 0.01 0.015 <0.0001 133 <0.001 0.001 21.7 72 0.359 <0.0001 0.004 23 <0.01 0.013
GW33 17/05/2016 May 2016 GME 720 720 6,810 136  - 0.2  - <0.01 <0.01  - 63  - 1,050 <0.001 <0.01 0.014 <0.0001 139 <0.001 <0.001 16.9 70 0.286 <0.0001 0.013 24 <0.01 <0.005
GW33 11/06/2016 June 2016 GME 748 748 7,330 317 18.7 0.2 11.3 0.01  -  - 135  -  - <0.001 0.01 0.019 <0.0001 169 0.001 <0.001 27.3 78 0.386  - 0.008 24 <0.01 0.039
GW34 16/11/2015 November 2015 GME 598 598 8,500 977  - 0.5  - 0.04 0.66  - 627  - 2,760 <0.001 0.01 0.003 <0.0001 87 0.005 <0.001 0.18 95 0.083 <0.0001 0.009 44 <0.01 <0.005
GW34 17/05/2016 May 2016 GME 560 560 7,790 814  - 0.6  - 0.04 0.85  - 551  - 2,220 <0.001 <0.01 0.002 <0.0001 87 <0.001 <0.001 0.52 90 0.109 <0.0001 0.009 44 <0.01 <0.005
GW34 11/06/2016 June 2016 GME 569 569 9,190 1,000 0.1 0.6 14.7 0.02  -  - 655  -  - <0.001 0.01 0.001 0.0001 92 0.002 <0.001 0.1 95 0.086  - 0.001 45 <0.01 <0.005
GW34 11/08/2016 August 2016 GME 550 550 5,450 830  - 0.6 5.4 0.03  -  - 537  -  - <0.001 0.01 <0.001 <0.0001 92 0.001 <0.001 0.15 89 0.077  - 0.004 37 <0.01 0.007
GW35 17/11/2015 November 2015 GME 487 487 7,220 161  - 0.2  - 0.07 <0.01  - 401  - 3,760 <0.001 <0.01 0.002 <0.0001 510 <0.001 <0.001 16.6 192 1.3 <0.0001 0.087 41 <0.01 0.007
GW35 17/05/2016 May 2016 GME 446 446 7,490 142  - 0.3  - 0.08 <0.01  - 332  - 3,540 <0.001 <0.01 0.007 <0.0001 491 0.002 <0.001 16.8 203 1.39 <0.0001 0.027 41 <0.01 0.006
GW35 11/06/2016 June 2016 GME 297 297 5,110 166 23.1 0.4 5.4 0.02  -  - 362  -  - <0.001 0.13 0.002 <0.0001 512 0.002 <0.001 24.5 294 4.36  - 0.169 47 <0.01 0.027
GW36 16/11/2015 November 2015 GME 525 525 2,010 35  - 1.1  - 0.04 0.05  - 108  - 724 0.011 0.03 0.004 <0.0001 52 0.001 <0.001 6.53 38 0.548 <0.0001 0.013 22 <0.01 0.02
GW36 17/05/2016 May 2016 GME 351 351 3,450 289  - 1.1  - 0.03 0.03  - 172  - 1,190 <0.001 0.03 0.004 <0.0001 91 0.001 <0.001 11.2 47 0.641 <0.0001 0.018 24 <0.01 0.037
GW36 11/08/2016 August 2016 GME 52 52 310 483  - 0.2 0.3 0.1  -  - 178  -  - <0.001 0.09 <0.001 <0.0001 107 <0.001 0.009 0.76 28 0.156  - 0.016 13 <0.01 0.224
GW37 16/11/2015 November 2015 GME 613 613 90 22  - 1  - 0.21 <0.01  - 248  - 914 <0.001 0.02 0.002 <0.0001 14 <0.001 0.002 <0.05 22 0.109 <0.0001 0.014 24 <0.01 0.014
GW37 17/05/2016 May 2016 GME 608 608 580 21  - 0.8  - 0.05 <0.01  - 202  - 839 <0.001 0.03 0.003 <0.0001 30 <0.001 0.001 0.05 37 0.27 <0.0001 0.077 30 <0.01 0.011
GW38 17/11/2015 November 2015 GME 918 918 100 817  - 1.7  - 1.78 0.22  - 1,250  - 3,680 <0.001 0.01 0.004 <0.0001 8 <0.001 0.004 <0.05 24 0.042 <0.0001 0.026 25 <0.01 <0.005
GW38 17/05/2016 May 2016 GME 926 926 <10 800  - 1.9  - 2.47 0.3  - 1,300  - 3,360 <0.001 0.01 0.003 <0.0001 9 <0.001 0.002 <0.05 27 0.046 <0.0001 0.026 26 <0.01 0.007
Mean 
(cum.) 
rainfall^
Ground 
water level
TDS pH ORP Al As Cd Cr Cu Fe Mn Ni Pb Zn
mm mAHD mg/L mV
Late Spring Nov-15 31 54 (54) 0.11 1204 6.64 -102 0.1 0.008 0.0001 0.003 0.002 9.9 0.3 0.03 0.005 0.07
Autumn May-16 31 50 (271) 0.08 1396 6.5 -88 0.7 0.007 0.001 0.006 0.003 11 0.3 0.04 0.003 0.08
Early Winter Jun-16 17 59 (330) 0.09 1837 6.66 -38 2 0.007 0.001 0.01 0.03 20 0.6 0.04 0.005 0.15
Late Winter Aug-16 8 59 (466) 0.1 1033 5.87 -43 0.1 0.02 0.0001 0.004 0.02 10 0.2 0.01 0.006 0.1
Late Spring Nov-15 2 54 (54) 0.41 16805 6.53 -172 0.1 0.04 <LOR 0.013 0.002 15 0.5 0.15 <LOR 0.07
Autumn May-16 2 50 (271) 0.45 20970 6.67 -327 0.1 0.03 <LOR 0.012 0.002 4.2 0.3 0.04 <LOR 0.01
Early Winter Jun-16 2 59 (330) 0.43 19240 6.79 -117 0.1 0.02 <LOR 0.021 <LOR 22 0.5 0.02 <LOR 0.01
Late Winter Aug-16 2 59 (466) 0.41 16560 6.25 -22 0.1 0.004 <LOR 0.015 0.05 7.6 0.4 0.003 <LOR 0.03
Coode Island Silt Aquitard
Table S2
n
mg/L
Port Melbourne Sand Aquifer
Appendix C – XRF results 
 
Date Time Reading BoreholeDepth Sample Mode Elapsed Time 1Elapsed Time 2Elapsed Time 3Elapsed Time TotalCr Cr +/- Cu Cu +/- Hg Hg +/- Fe Fe +/- Mn Mn +/- Cd Cd +/- Pb Pb +/- Ni Ni +/- Zn Zn +/- As As +/- Se Se +/- S S +/-
19/10/2015 15:59:42 #165 GW01 0.1 X729 Soil 29 29 30 87.77 37 4 30 3 <LOD 1.7 8422 51 170 5 <LOD 23 24.5 1.4 18 3 391 5 4.2 1.1 <LOD 1.6 859 76
19/10/2015 16:04:14 #166 0.1 X730 Soil 29 29 30 87.72 27 4 35 3 <LOD 1.7 8654 52 213 5 <LOD 23 22 1.4 20 3 420 5 5 1.1 <LOD 1.6 1084 83
19/10/2015 16:07:28 #167 0.1 X731 Soil 29 29 30 87.62 26 4 21 2 <LOD 1.7 6391 41 142 4 <LOD 22 22 1.3 <LOD 8 293 4 4 1 <LOD 1.5 839 72
19/10/2015 16:09:37 #168 0.2 X732 Soil 29 29 30 87.93 232 11 1282 13 <LOD 3.1 79585 396 781 13 <LOD 27 1535 11 137 7 2934 19 46 7 <LOD 3.1 2818 173
19/10/2015 16:12:09 #169 0.2 X733 Soil 29 29 30 87.8 319 12 1445 14 3.6 1.1 93342 478 806 13 37 10 1807 13 149 7 3357 22 <LOD 23 3.6 1.1 3020 176
19/10/2015 16:14:11 #170 0.2 X734 Soil 29 29 30 87.8 297 12 1572 15 6.6 1.2 89014 461 827 13 48 10 2098 15 199 8 3334 22 <LOD 25 <LOD 3.5 3106 178
19/10/2015 16:20:31 #171 0.5 X735 Soil 29 29 30 88.1 61 7 147 5 3.2 0.8 48647 249 499 9 <LOD 27 346 4 63 5 465 6 36 4 <LOD 2.3 3291 153
19/10/2015 16:23:07 #172 0.5 X736 Soil 29 29 30 88.16 88 8 155 5 3.5 0.9 45333 243 728 11 <LOD 29 265 4 79 6 507 7 51 3 2.8 0.8 2398 155
19/10/2015 16:25:51 #173 0.5 X737 Soil 29 29 9 67.86 81 12 123 4 <LOD 2.3 29171 158 449 15 <LOD 27 261 4 56 5 296 5 12 3 <LOD 2.1 1764 228
20/10/2015 10:32:48 #2 0.7 X738 Soil 29 29 30 87.74 146 8 714 9 <LOD 2.6 53741 264 557 10 <LOD 27 1295 9 124 6 1800 13 <LOD 18 <LOD 2.7 2662 144
20/10/2015 10:36:25 #3 0.7 X739 Soil 29 29 30 87.75 153 8 535 7 <LOD 2.5 40851 199 594 10 <LOD 25 1377 9 89 5 1455 11 <LOD 18 <LOD 2.6 2762 142
20/10/2015 10:38:20 #4 0.7 X740 Soil 29 29 30 87.75 138 8 811 9 <LOD 2.5 45086 220 542 9 <LOD 25 1147 8 112 6 1865 13 <LOD 17 <LOD 2.6 2175 131
20/10/2015 10:47:17 #5 0.9 X741 Soil 29 29 30 88.08 109 8 312 6 <LOD 2.4 39291 200 532 9 <LOD 27 742 7 55 5 1003 9 <LOD 14 <LOD 2.4 2174 136
20/10/2015 10:49:04 #6 0.9 X742 Soil 29 29 30 87.87 146 8 357 6 <LOD 2.3 41401 203 507 9 <LOD 26 813 7 78 5 984 9 40 5 <LOD 2.4 2536 137
20/10/2015 10:51:17 #7 0.9 X743 Soil 29 29 30 88.05 125 8 427 7 <LOD 2.4 53232 259 503 9 <LOD 26 757 7 58 5 1045 9 45 5 <LOD 2.4 2351 144
20/10/2015 10:53:37 #8 1.1 X744 Soil 29 29 30 88.21 137 8 326 6 <LOD 2.6 50681 263 739 12 <LOD 28 457 5 91 6 2059 15 21 4 2.6 0.8 4208 179
20/10/2015 10:56:25 #9 1.1 X745 Soil 29 29 30 88.14 124 10 298 6 <LOD 2.7 75447 390 599 11 <LOD 28 357 5 82 6 1045 10 27 4 <LOD 2.4 4819 206
20/10/2015 10:58:13 #10 1.1 X746 Soil 29 29 30 87.73 109 8 291 6 <LOD 2.3 49647 236 359 7 <LOD 25 419 5 106 5 1287 10 10 3 <LOD 2.1 4658 171
20/10/2015 11:00:08 #11 1.3 X747 Soil 29 29 30 87.99 127 8 485 7 <LOD 2.3 41720 206 440 9 39 9 639 6 99 5 1443 11 20 4 <LOD 2.3 4275 171
20/10/2015 11:05:32 #12 1.3 X748 Soil 29 29 30 88.2 249 13 481 8 <LOD 3.1 127508 679 833 15 <LOD 30 573 7 117 8 1811 15 23 5 <LOD 2.8 6928 262
20/10/2015 11:07:38 #13 1.3 X749 Soil 29 29 30 88.21 318 11 389 7 <LOD 2.5 56514 286 494 10 <LOD 27 526 6 140 6 1327 11 22 4 <LOD 2.4 5071 202
30/10/2015 8:26:23 #8 2 xrf62 Soil 29 29 30 87.97 248 10 454 7 <LOD 2.6 46860 231 308 8 <LOD 26 307 4 135 6 4019 23 18 3 <LOD 2.1 3042 165
30/10/2015 8:29:27 #9 2 xrf63 Soil 29 29 30 88.32 250 11 451 8 <LOD 2.8 65768 347 371 10 <LOD 28 356 5 138 7 2779 19 27 4 <LOD 2.4 3394 192
30/10/2015 8:39:18 #10 2 xrf64 Soil 29 29 30 88.08 200 10 430 7 <LOD 2.5 61387 301 394 9 <LOD 27 336 4 122 6 2300 16 12 3 <LOD 2.2 3300 176
30/10/2015 8:44:46 #11 2.5 xrf65 Soil 29 29 30 87.64 57 6 110 4 <LOD 2.2 39971 189 238 6 <LOD 24 150 3 38 4 1406 10 6 2 <LOD 1.8 7132 200
30/10/2015 8:46:31 #12 2.5 xrf66 Soil 29 29 30 87.62 76 6 99 4 <LOD 2.1 40353 186 238 6 <LOD 24 172 3 44 4 1150 9 7 2 <LOD 1.8 7633 203
30/10/2015 8:48:19 #13 2.5 xrf67 Soil 29 29 30 88.06 74 6 127 4 <LOD 2.1 37758 185 203 6 <LOD 25 185 3 32 4 840 8 11 2 <LOD 1.9 6052 184
10/11/2015 14:22:32 #145 GW02 0 XRF142 Soil 29 29 30 88.26 109 9 22 3 <LOD 2.2 53791 277 789 12 30 9 6.1 1.6 107 6 61 3 7.5 1.2 <LOD 2 1595 138
10/11/2015 14:24:30 #146 0 XRF143 Soil 29 29 30 88.2 111 9 24 3 2.3 0.8 50266 254 731 12 <LOD 27 8.3 1.6 110 6 60 2 <LOD 3.5 <LOD 2 1187 123
10/11/2015 14:26:30 #147 0 XRF144 Soil 29 29 30 88.16 145 10 29 4 <LOD 2.4 71909 372 868 14 <LOD 29 11.5 1.8 126 7 62 3 8 1.4 <LOD 2 976 136
10/11/2015 14:28:44 #148 0.2 XRF145 Soil 29 29 30 88.52 184 11 30 4 <LOD 2.7 61203 350 897 15 <LOD 32 <LOD 5.3 95 7 87 3 9.6 1.4 <LOD 2.3 3160 203
10/11/2015 14:30:26 #149 0.2 XRF146 Soil 29 29 30 88.57 177 12 27 4 <LOD 2.8 63943 373 899 16 <LOD 32 <LOD 5.5 104 7 83 3 9.2 1.4 <LOD 2.3 1580 175
10/11/2015 14:32:15 #150 0.2 XRF147 Soil 29 29 30 88.42 113 9 28 4 4.5 0.9 48755 269 507 10 <LOD 31 15.9 1.8 91 6 81 3 8.8 1.4 2.5 0.8 4352 204
10/11/2015 14:34:29 #151 0.4 XRF148 Soil 29 29 30 87.94 135 9 36 3 2.4 0.8 63840 316 1329 16 <LOD 27 <LOD 4.7 154 6 63 3 8.3 1.2 <LOD 1.9 661 117
10/11/2015 14:36:37 #152 0.4 XRF149 Soil 29 29 30 88.08 184 10 29 3 3 0.8 64192 325 742 12 <LOD 27 <LOD 4.8 134 6 64 3 8.9 1.2 <LOD 2 655 121
10/11/2015 14:39:00 #153 0.4 XRF150 Soil 29 29 30 88.34 167 11 20 3 <LOD 2.3 65916 342 824 14 <LOD 28 5.5 1.7 122 6 65 3 8.5 1.3 <LOD 2.1 839 131
10/11/2015 14:40:54 #154 0.6 XRF151 Soil 29 29 30 87.75 131 7 149 4 <LOD 2.1 32912 160 316 7 <LOD 25 259 3 61 4 333 5 17 3 2.2 0.7 700 91
10/11/2015 14:42:37 #155 0.6 XRF152 Soil 29 29 30 88.12 112 8 93 4 <LOD 2.1 34662 175 250 7 <LOD 26 274 4 52 5 252 4 25 3 <LOD 2.1 986 104
10/11/2015 14:44:39 #156 0.6 XRF153 Soil 29 29 30 87.77 140 7 149 4 <LOD 2.1 35339 172 325 7 <LOD 25 220 3 84 5 295 4 23 3 2.1 0.7 776 95
10/11/2015 14:46:34 #157 0.8 XRF154 Soil 29 29 30 87.66 199 10 66 4 <LOD 2.3 77641 372 649 11 <LOD 27 54 2 141 6 104 3 17.4 1.8 <LOD 2 526 111
10/11/2015 14:54:12 #158 0.8 XRF155 Soil 29 29 30 87.84 195 9 42 3 2.8 0.8 52109 258 444 9 <LOD 27 24.9 1.8 124 6 89 3 31.9 1.6 <LOD 1.9 449 96
10/11/2015 14:56:13 #159 0.8 XRF156 Soil 29 29 30 88.05 164 10 52 4 <LOD 2.3 58184 291 614 11 <LOD 27 34.7 1.9 93 6 87 3 21.3 1.6 <LOD 1.9 453 105
10/11/2015 14:58:06 #160 1 XRF157 Soil 29 29 30 88.18 132 9 22 3 <LOD 2.2 38217 196 260 8 <LOD 26 18.1 1.7 62 5 79 3 16.3 1.4 <LOD 1.9 611 102
10/11/2015 14:59:51 #161 1 XRF158 Soil 29 29 30 87.84 148 8 37 3 <LOD 2.1 43689 213 341 8 <LOD 26 24.5 1.7 88 5 88 3 18.9 1.4 2.1 0.6 <LOD 259
10/11/2015 15:01:34 #162 1 XRF159 Soil 29 29 30 87.78 140 8 35 3 3 0.7 46858 226 457 9 <LOD 26 23.8 1.7 97 5 82 3 13.1 1.4 2.2 0.6 469 95
10/11/2015 15:03:22 #163 1.2 XRF160 Soil 29 29 30 87.87 215 11 75 4 <LOD 2.5 93519 466 879 14 <LOD 27 142 3 173 7 199 4 18 2 <LOD 2.2 632 122
10/11/2015 15:05:11 #164 1.2 XRF161 Soil 29 29 30 87.83 172 9 26 3 2.8 0.7 48724 233 583 10 <LOD 25 26.3 1.7 75 5 90 3 15.5 1.4 <LOD 1.9 440 97
10/11/2015 15:07:18 #165 1.2 XRF162 Soil 29 29 30 88.08 179 9 21 3 <LOD 2.2 49495 245 242 8 <LOD 26 23.6 1.8 66 5 60 2 18.2 1.5 <LOD 1.9 521 103
10/11/2015 15:09:08 #166 1.4 XRF163 Soil 29 29 30 88.01 188 11 48 4 3 0.8 79548 399 2372 26 <LOD 27 100 3 145 7 185 4 13 2 <LOD 2.1 368 115
10/11/2015 15:14:12 #167 1.4 XRF164 Soil 29 29 30 87.86 193 10 48 4 <LOD 2.3 63395 311 770 12 <LOD 26 35.6 1.9 137 6 119 3 13 1.6 <LOD 2 338 107
10/11/2015 15:16:21 #168 1.4 XRF165 Soil 29 29 30 87.71 156 9 42 3 <LOD 2.1 51371 244 412 9 <LOD 25 49.1 2 115 5 104 3 10.4 1.6 <LOD 1.9 386 95
10/11/2015 15:18:43 #169 1.5 XRF166 Soil 29 29 30 88.13 124 8 22 3 <LOD 2.1 47777 239 506 10 <LOD 26 9.1 1.6 95 5 47 2 5.5 1.2 <LOD 1.9 515 103
10/11/2015 15:20:36 #170 1.5 XRF167 Soil 29 29 30 87.89 147 9 49 4 <LOD 2.2 56541 276 630 10 <LOD 27 20.6 1.7 134 6 102 3 7.7 1.3 <LOD 1.9 523 103
10/11/2015 15:22:49 #171 1.5 XRF168 Soil 29 29 30 88.17 177 10 38 4 <LOD 2.3 60636 312 609 11 <LOD 28 9.5 1.7 106 6 67 3 7.3 1.3 <LOD 2 375 108
10/11/2015 15:25:19 #172 2 XRF169 Soil 29 29 30 87.79 136 7 26 3 <LOD 1.9 30698 148 504 9 <LOD 24 110 2 52 4 106 3 17 1.9 <LOD 1.8 323 82
10/11/2015 15:27:44 #173 2 XRF170 Soil 29 29 30 87.95 127 7 63 3 <LOD 2.2 37691 187 289 7 <LOD 26 297 4 53 5 255 4 34 3 <LOD 2 1321 108
10/11/2015 15:30:20 #174 2 XRF171 Soil 29 29 30 87.58 131 8 32 3 <LOD 2.1 45999 217 400 8 <LOD 25 73 2 68 5 117 3 26.1 1.8 <LOD 1.8 560 99
10/11/2015 15:35:43 #175 2.5 XRF172 Soil 29 29 30 87.65 110 5 10 2 2.8 0.7 2580 25 <LOD 9 <LOD 24 10.9 1.3 29 3 9.3 1.4 4.3 1 <LOD 1.7 200 54
10/11/2015 15:38:28 #176 2.5 XRF173 Soil 29 29 30 87.83 166 6 <LOD 7 <LOD 1.8 2626 24 <LOD 9 <LOD 23 16.1 1.3 16 3 9 1.3 <LOD 3 <LOD 1.6 271 54
10/11/2015 15:41:49 #177 2.5 XRF174 Soil 29 29 30 88.33 109 7 <LOD 8 <LOD 1.9 12734 76 <LOD 13 <LOD 25 11.5 1.4 22 4 12.2 1.5 15 1.2 <LOD 1.7 694 89
10/11/2015 15:44:00 #178 3 XRF175 Soil 29 29 30 87.92 127 7 12 3 <LOD 1.9 29568 146 68 5 <LOD 24 10.3 1.4 41 4 15.3 1.6 15.7 1.2 <LOD 1.7 <LOD 226
10/11/2015 15:45:45 #179 3 XRF176 Soil 29 29 30 87.9 101 7 14 3 <LOD 1.9 23592 119 53 5 29 8 10.2 1.4 24 4 13.6 1.5 8.5 1.1 <LOD 1.6 <LOD 208
10/11/2015 15:47:39 #180 3 XRF177 Soil 29 29 30 87.79 109 7 11 3 <LOD 2 34463 165 77 5 <LOD 24 9.1 1.4 43 4 14 1.6 19.2 1.2 <LOD 1.7 267 76
10/11/2015 15:55:53 #181 3.5 XRF178 Soil 29 29 30 88.09 42 5 26 3 <LOD 1.9 16551 90 185 5 <LOD 25 71 2 34 4 109 3 5.8 1.6 <LOD 1.7 933 85
10/11/2015 15:58:16 #182 3.5 XRF179 Soil 29 29 30 88 <LOD 12 24 3 <LOD 1.9 15141 83 244 6 <LOD 24 69.9 2 26 4 337 5 <LOD 4.7 <LOD 1.7 670 77
10/11/2015 16:00:04 #183 3.5 XRF180 Soil 29 29 30 88.08 26 4 18 3 <LOD 1.7 10004 60 105 4 <LOD 24 59.2 1.9 28 4 124 3 <LOD 4.4 <LOD 1.7 612 71
15/10/2015 10:02:34 #43 GW03 0.2 X388 Soil 29 29 30 87.87 38 4 19 3 <LOD 1.9 10662 62 98 4 <LOD 24 23.8 1.5 18 3 49.3 2 6.3 1.2 <LOD 1.6 223 58
15/10/2015 10:05:15 #44 0.2 X389 Soil 29 29 30 87.87 53 5 18 3 <LOD 1.8 11343 64 95 4 <LOD 23 27.4 1.5 16 3 57 2 6 1.2 <LOD 1.7 <LOD 160
15/10/2015 10:07:21 #46 0.2 X390 Soil 29 29 14 72.11 48 7 15 3 <LOD 1.9 9830 60 145 7 <LOD 24 25.7 1.5 16 3 59 2 4.8 1.2 <LOD 1.7 406 99
15/10/2015 10:08:50 #47 0.4 X391 Soil 29 29 11 68.89 88 13 92 4 3.6 0.8 50945 261 676 18 <LOD 28 273 4 96 6 410 6 20 3 <LOD 2.2 678 191
15/10/2015 10:10:56 #48 0.4 X392 Soil 29 29 30 88.33 105 9 73 4 2.6 0.8 58655 310 662 11 <LOD 29 126 3 88 6 299 5 23 2 <LOD 2.2 469 116
15/10/2015 10:13:21 #49 0.4 X393 Soil 29 29 30 88.25 109 9 74 4 <LOD 2.6 50355 264 744 12 <LOD 29 761 7 86 6 311 5 20 5 <LOD 2.6 628 121
15/10/2015 10:15:35 #50 0.6 X394 Soil 29 29 30 88.18 72 7 63 4 <LOD 2.2 27397 143 275 7 <LOD 26 288 4 43 4 314 5 <LOD 9 <LOD 2 446 94
15/10/2015 10:17:45 #51 0.6 X395 Soil 29 29 27 84.99 96 8 57 4 2.8 0.8 34100 178 403 9 <LOD 27 196 3 67 5 257 4 15 3 <LOD 2.1 526 114
15/10/2015 10:19:37 #52 0.6 X396 Soil 29 29 30 88.1 77 6 58 3 <LOD 2.3 29152 153 353 7 <LOD 26 383 5 50 5 294 5 <LOD 10 <LOD 2.2 506 92
15/10/2015 10:21:30 #53 0.8 X397 Soil 29 29 30 87.97 101 6 92 4 <LOD 2.1 21726 115 255 6 <LOD 25 340 4 36 4 691 7 13 3 <LOD 2 722 87
15/10/2015 10:23:45 #54 0.8 X398 Soil 29 29 30 87.88 83 6 102 4 <LOD 2.1 22975 118 260 6 <LOD 25 384 4 41 4 830 7 <LOD 10 <LOD 2 643 84
15/10/2015 10:25:39 #55 0.8 X399 Soil 29 29 30 87.92 70 6 83 4 <LOD 2.1 21442 112 239 6 <LOD 25 224 3 43 4 509 6 9 3 <LOD 1.9 707 85
15/10/2015 7:40:39 #2 1.5 X349 Soil 29 29 30 88.03 136 8 56 4 <LOD 2.3 50115 257 242 7 <LOD 27 128 3 47 5 256 4 32 2 <LOD 2 743 104
15/10/2015 7:42:25 #3 1.5 X350 Soil 29 29 30 87.82 101 6 1175 11 2.6 0.7 23535 119 201 6 <LOD 25 156 3 49 4 541 6 20 2 2 0.6 687 88
15/10/2015 7:45:29 #4 1.8 X351 Soil 29 29 30 88.04 96 7 46 3 <LOD 2.2 30402 157 293 7 <LOD 26 176 3 42 4 447 6 9 2 <LOD 2 700 101
15/10/2015 7:47:27 #5 1.8 X352 Soil 29 29 30 88.15 137 8 86 4 <LOD 2.3 42760 221 324 8 <LOD 27 156 3 58 5 337 5 13 2 <LOD 2.1 562 107
15/10/2015 7:51:01 #6 2 X353 Soil 29 29 30 88.31 72 7 62 4 <LOD 2.2 24865 134 224 7 <LOD 27 173 3 48 5 270 4 <LOD 7 <LOD 2 588 110
15/10/2015 7:53:09 #7 2 X354 Soil 29 29 30 88.23 83 7 119 4 3.1 0.8 29717 156 281 7 <LOD 27 182 3 149 6 553 6 12 2 <LOD 2 682 102
15/10/2015 8:13:02 #16 2.8 X363 Soil 29 29 14 72.23 69 9 40 3 <LOD 2 22548 117 236 10 <LOD 25 57.6 1.9 38 4 190 3 15.9 1.6 <LOD 1.8 953 158
15/10/2015 8:14:44 #17 2.8 X364 Soil 29 29 30 87.57 71 5 23 3 <LOD 1.9 25318 121 210 5 <LOD 24 44.6 1.7 53 4 211 3 7.5 1.3 <LOD 1.7 967 86
15/10/2015 7:55:55 #8 3 X355 Soil 29 29 30 88.24 62 6 25 3 <LOD 2.1 13026 80 284 7 <LOD 27 51.8 2 27 4 58 2 10.4 1.6 <LOD 1.8 472 95
15/10/2015 7:57:46 #9 3 X356 Soil 29 29 30 87.88 81 6 33 3 <LOD 1.8 17639 93 213 6 <LOD 23 127 2 38 4 79 2 16 2 <LOD 1.7 541 85
15/10/2015 8:00:00 #10 4 X357 Soil 29 29 30 87.63 68 6 22 3 2.5 0.7 29991 143 144 5 <LOD 23 120 2 44 4 94 2 20.2 2 <LOD 1.8 886 84
15/10/2015 8:02:52 #11 4 X358 Soil 29 29 30 87.62 56 5 14 2 <LOD 1.7 14858 78 95 4 <LOD 23 46.1 1.7 30 3 92 2 9.2 1.3 <LOD 1.6 329 62
15/10/2015 8:05:05 #12 4.5 X359 Soil 29 29 30 87.9 28 4 28 3 <LOD 1.8 8795 54 77 4 <LOD 23 100 2 20 3 123 3 <LOD 5.1 <LOD 1.6 315 59
15/10/2015 8:07:12 #13 4.5 X360 Soil 29 29 30 87.79 27 4 61 3 <LOD 1.8 10880 61 75 4 <LOD 23 111 2 12 3 140 3 <LOD 5.2 <LOD 1.6 492 64
15/10/2015 8:09:22 #14 5 X361 Soil 29 29 30 87.74 19 4 31 3 <LOD 1.9 8847 54 72 4 <LOD 24 131 2 17 3 122 3 6.4 1.9 <LOD 1.7 527 66
15/10/2015 8:11:18 #15 5 X362 Soil 29 29 30 87.72 29 4 34 3 <LOD 1.9 10113 60 85 4 <LOD 24 113 2 22 3 140 3 <LOD 5.4 <LOD 1.7 686 72
15/10/2015 8:26:09 #18 GW04 1.9 X365 Soil 30 29 30 88.65 167 9 215 6 <LOD 2.6 45943 255 405 9 <LOD 29 718 7 34 5 778 9 31 5 <LOD 2.7 5062 219
15/10/2015 8:29:38 #19 1.9 X366 Soil 30 29 30 88.79 156 11 152 6 3.6 1 63167 374 708 14 <LOD 33 258 5 86 7 453 7 16 4 <LOD 2.7 3323 222
15/10/2015 8:40:32 #20 2.2 X367 Soil 29 29 30 88.09 41 5 64 3 <LOD 2 18941 103 159 5 <LOD 25 65 2 44 4 135 3 5.5 1.6 <LOD 1.8 1511 104
15/10/2015 8:42:18 #21 2.2 X368 Soil 29 29 30 87.87 30 4 51 3 <LOD 1.8 11183 63 104 4 <LOD 23 44 1.6 31 3 101 2 5.8 1.3 <LOD 1.6 689 76
15/10/2015 8:45:36 #22 2.2 X369 Soil 29 29 30 88.04 35 4 35 3 <LOD 1.8 9527 58 87 4 <LOD 24 40.3 1.6 18 3 91 2 <LOD 3.8 <LOD 1.6 1136 87
15/10/2015 8:53:16 #23 2.8 X370 Soil 29 29 30 88.29 130 8 121 5 <LOD 2.4 47411 249 465 9 <LOD 28 114 3 81 6 345 5 12 2 3.8 0.8 2723 160
15/10/2015 8:57:01 #24 2.8 X371 Soil 29 29 30 88.23 136 9 144 5 2.6 0.8 47844 248 486 10 <LOD 28 125 3 89 6 364 5 16 2 2.2 0.7 2986 166
15/10/2015 8:59:46 #25 2.8 X372 Soil 29 29 30 88.29 119 8 123 5 <LOD 2.5 48377 255 490 10 <LOD 29 316 4 103 6 358 5 <LOD 10 <LOD 2.3 3047 170
15/10/2015 9:04:31 #26 3.1 X373 Soil 29 29 30 88.07 93 6 15 3 <LOD 1.9 16247 87 165 5 <LOD 24 228 3 22 4 186 3 <LOD 7 <LOD 1.8 724 95
15/10/2015 9:06:16 #27 3.1 X374 Soil 29 29 30 88.31 65 7 26 3 <LOD 2.2 33285 175 241 7 <LOD 27 185 3 21 4 196 4 <LOD 8 <LOD 2 1243 135
15/10/2015 9:09:47 #28 3.3 X375 Soil 29 29 30 87.65 52 4 18 2 1.9 0.6 11318 62 50 4 <LOD 22 77.1 1.9 21 3 43.9 1.8 <LOD 4.3 <LOD 1.6 432 62
15/10/2015 9:11:47 #29 3.3 X376 Soil 29 29 30 87.42 26 3 11 2 <LOD 1.7 8020 47 29 3 <LOD 22 23.2 1.3 9 3 23.5 1.5 4.1 1 <LOD 1.5 523 59
15/10/2015 9:18:05 #30 3.4 X377 Soil 29 28 30 87.29 83 5 14 2 <LOD 1.8 18357 90 64 4 23 7 10.2 1.2 36 4 15 1.4 9.6 1 <LOD 1.6 214 56
15/10/2015 9:19:50 #31 3.4 X378 Soil 29 29 30 87.73 64 5 13 2 1.9 0.6 13134 72 52 4 <LOD 23 10.6 1.3 16 3 15.2 1.5 6.7 1 <LOD 1.6 <LOD 158
15/10/2015 9:21:57 #32 3.8 X379 Soil 29 29 30 87.84 72 5 17 3 <LOD 1.9 19696 101 68 4 <LOD 24 89 2 28 4 95 3 7.7 1.7 <LOD 1.7 329 65
15/10/2015 9:28:15 #33 3.8 X380 Soil 29 29 30 87.41 57 5 12 2 <LOD 1.8 20378 100 60 4 <LOD 23 20 1.4 34 4 29.4 1.7 13.1 1.2 <LOD 1.7 <LOD 186
15/10/2015 9:30:14 #34 3.8 X381 Soil 29 29 57.73 71 6 19 3 <LOD 1.8 19700 98 53 4 <LOD 23 29.4 1.5 27 4 37.4 1.8 7.3 1.2 <LOD 1.6 <LOD 190
15/10/2015 9:32:03 #35 3.8 X381 Soil 29 29 30 87.51 69 5 20 3 <LOD 1.8 17952 90 63 4 <LOD 23 40 1.6 25 3 54.7 2 7.6 1.3 <LOD 1.7 368 65
15/10/2015 9:33:55 #36 3.9 X382 Soil 29 29 30 87.79 <LOD 7 <LOD 6 <LOD 1.6 756 13 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 3.8 1.2 <LOD 2.3 <LOD 1.5 134 42
15/10/2015 9:36:26 #37 3.9 X383 Soil 29 28 30 87.38 <LOD 6 <LOD 6 <LOD 1.6 920 13 <LOD 6 <LOD 22 <LOD 2.9 <LOD 7 3.5 1.1 2.2 0.7 <LOD 1.4 123 39
15/10/2015 9:38:20 #38 4.5 X384 Soil 29 29 30 87.64 <LOD 7 <LOD 6 <LOD 1.6 797 13 <LOD 7 <LOD 22 <LOD 3 <LOD 8 <LOD 3.4 2.8 0.7 <LOD 1.4 146 41
15/10/2015 9:40:35 #39 4.5 X385 Soil 29 29 30 87.44 <LOD 7 7 2 <LOD 1.6 1085 15 <LOD 7 <LOD 22 <LOD 3 <LOD 8 4.1 1.1 3.1 0.8 <LOD 1.4 <LOD 110
15/10/2015 9:42:57 #40 5 X386 Soil 29 29 57.55 <LOD 7 <LOD 6 <LOD 1.6 1065 14 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 3.5 1.1 <LOD 2.3 <LOD 1.5 <LOD 119
15/10/2015 9:44:57 #41 5 X386 Soil 29 29 30 87.5 <LOD 6 <LOD 6 <LOD 1.6 989 14 <LOD 6 <LOD 21 <LOD 3.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.4 <LOD 109
15/10/2015 9:46:47 #42 5 X387 Soil 29 29 30 87.7 <LOD 8 <LOD 6 <LOD 1.7 1910 20 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 4.5 1.2 <LOD 2.4 <LOD 1.5 177 44
16/10/2015 10:15:31 #27 GW05 0.1 X512 Soil 29 29 30 88.01 79 7 62 3 <LOD 2.1 35236 173 415 8 <LOD 25 109 2 63 5 313 5 9.7 2 <LOD 1.9 756 95
16/10/2015 10:18:20 #28 0.1 X513 Soil 29 29 17 75.28 90 9 62 4 <LOD 2.1 36573 185 413 11 <LOD 26 121 3 70 5 349 5 9 2 <LOD 1.9 587 125
16/10/2015 10:20:00 #29 0.1 X514 Soil 29 29 22 80.15 86 8 68 4 <LOD 2.1 31574 161 399 9 <LOD 26 179 3 54 5 349 5 9 2 <LOD 2 824 116
16/10/2015 10:21:48 #30 0.2 X515 Soil 29 29 30 87.91 46 5 67 3 <LOD 2 20628 108 243 6 <LOD 25 174 3 45 4 266 4 <LOD 7 <LOD 1.8 523 81
16/10/2015 10:24:52 #31 0.2 X516 Soil 29 29 30 87.95 80 6 113 4 <LOD 2.1 23511 121 260 6 <LOD 25 192 3 60 4 319 4 <LOD 7 <LOD 1.9 571 85
16/10/2015 10:26:43 #32 0.2 X517 Soil 29 29 30 88.24 69 6 60 3 <LOD 1.9 19845 104 258 7 <LOD 24 151 3 30 4 268 4 12 2 <LOD 1.7 605 97
16/10/2015 10:28:35 #33 0.6 X518 Soil 29 29 30 88.04 50 6 73 4 <LOD 2 26286 136 289 6 <LOD 25 231 3 38 4 227 4 9 3 <LOD 2 702 89
16/10/2015 10:30:40 #34 0.6 X519 Soil 29 29 30 87.95 75 6 82 4 <LOD 2.2 22684 122 265 6 <LOD 26 356 4 38 4 226 4 <LOD 10 <LOD 2.1 1437 121
16/10/2015 10:33:10 #35 0.6 X520 Soil 29 29 30 88 67 6 81 4 <LOD 2.1 29711 150 262 6 <LOD 25 265 4 43 4 259 4 15 3 <LOD 2 835 93
20/10/2015 15:29:09 #120 0.8 X855 Soil 29 29 30 87.97 36 4 8 2 <LOD 1.8 7624 49 75 4 <LOD 24 21 1.4 17 3 33.1 1.7 <LOD 3.2 <LOD 1.6 252 58
20/10/2015 15:31:42 #121 0.8 X856 Soil 29 29 30 87.92 43 4 16 2 <LOD 1.8 10056 59 132 4 <LOD 24 28.5 1.5 19 3 41.2 1.8 <LOD 3.5 <LOD 1.6 299 62
20/10/2015 15:33:45 #122 0.8 X857 Soil 29 29 30 87.68 22 4 17 2 <LOD 1.8 7291 46 90 4 <LOD 23 17.5 1.3 21 3 32.4 1.7 4 1 <LOD 1.6 351 57
16/10/2015 10:35:03 #36 1 X521 Soil 30 29 30 88.58 15 5 28 3 <LOD 2.5 11356 81 70 5 <LOD 30 89 3 22 5 86 3 11 2 <LOD 2.2 950 209
16/10/2015 10:37:15 #37 1 X522 Soil 29 29 30 88.36 17 5 31 3 4.8 0.8 12378 80 57 4 <LOD 28 162 3 28 4 155 4 <LOD 7 <LOD 2.1 1037 189
16/10/2015 10:38:56 #38 1 X523 Soil 29 29 18 76.82 <LOD 19 28 3 <LOD 2.5 13011 87 56 6 <LOD 30 154 3 16 4 125 3 8 2 <LOD 2.1 1300 253
16/10/2015 10:40:42 #39 1.2 X524 Soil 29 29 30 88.08 85 6 86 4 <LOD 2.1 30673 155 344 7 <LOD 26 232 3 57 5 364 5 9 3 <LOD 2 643 92
16/10/2015 10:42:47 #40 1.2 X525 Soil 29 29 30 87.91 80 6 90 4 2.3 0.7 31283 156 328 7 <LOD 25 236 3 65 5 344 5 8 3 <LOD 2 665 91
16/10/2015 10:44:19 #41 1.2 X526 Soil 29 29 20 78.18 96 8 88 4 <LOD 2.1 29010 148 329 9 35 9 220 3 51 4 331 5 11 3 <LOD 1.9 749 118
20/10/2015 15:35:35 #123 1.4 X858 Soil 29 29 30 88.2 40 5 123 4 <LOD 2.2 28765 147 406 7 <LOD 25 383 4 53 4 447 5 <LOD 10 <LOD 2.1 597 89
20/10/2015 15:37:20 #124 1.4 X859 Soil 29 29 30 88.12 64 7 71 4 <LOD 2.2 24903 135 350 8 <LOD 27 208 3 53 5 295 5 <LOD 8 <LOD 2 425 95
20/10/2015 15:39:03 #125 1.4 X860 Soil 29 29 30 87.87 42 5 77 3 <LOD 1.9 15882 85 190 5 <LOD 24 272 3 41 4 357 5 9 3 <LOD 1.8 561 77
15/10/2015 16:19:16 #135 1.5 X476 Soil 29 29 30 87.84 81 7 44 3 <LOD 2.1 28114 147 390 8 <LOD 27 66 2 74 5 139 3 8.3 1.7 <LOD 1.9 432 93
15/10/2015 16:21:02 #136 1.5 X477 Soil 29 29 30 88.1 60 6 42 3 <LOD 1.9 19988 102 239 6 <LOD 23 82 2 39 4 137 3 7.1 1.7 <LOD 1.7 407 83
15/10/2015 16:24:41 #137 2.2 X478 Soil 29 29 30 87.75 87 11 114 5 <LOD 2.8 102526 514 374 10 <LOD 29 1094 9 103 7 272 5 29 6 <LOD 2.8 731 137
15/10/2015 16:26:07 #138 2.2 X479 Soil 29 29 12 70.41 74 16 51 4 <LOD 2.6 87874 452 492 18 <LOD 29 140 3 48 6 136 4 25 3 <LOD 2.2 <LOD 628
15/10/2015 16:27:35 #139 2.2 X480 Soil 29 29 15 73.17 84 14 73 4 <LOD 2.1 76715 365 456 15 <LOD 26 185 3 59 5 156 3 36 3 <LOD 2 884 198
15/10/2015 16:32:12 #140 3.6 X481 Soil 29 29 30 87.82 108 7 689 8 4 0.9 34326 172 246 7 <LOD 26 995 8 96 5 1048 9 87 5 <LOD 2.6 2669 136
15/10/2015 16:34:14 #141 3.6 X482 Soil 29 29 30 87.96 95 7 1030 10 <LOD 2.7 28928 150 236 6 <LOD 26 1772 12 69 5 1254 10 78 7 <LOD 2.9 2529 137
15/10/2015 16:36:20 #142 3.6 X483 Soil 29 29 30 88.05 100 8 1680 15 <LOD 3.2 47667 248 285 8 <LOD 27 2326 15 202 7 2259 16 46 9 <LOD 3.4 2823 152
15/10/2015 16:38:09 #143 3.6 X484 Soil 29 29 30 87.87 103 7 1452 13 <LOD 2.6 31881 162 288 7 <LOD 25 1449 10 89 5 1387 11 96 6 <LOD 2.8 2526 138
15/10/2015 16:45:20 #146 3.7 X487 Soil 29 29 30 87.74 96 7 69 3 2.9 0.7 40338 190 234 7 <LOD 24 43.1 1.8 92 5 126 3 25 1.6 <LOD 1.8 1404 111
15/10/2015 16:40:39 #144 3.8 X485 Soil 29 29 30 88.03 <LOD 9 <LOD 6 <LOD 1.7 1389 17 <LOD 7 <LOD 23 3.7 1.1 <LOD 8 5.3 1.2 2.6 0.8 <LOD 1.5 380 56
15/10/2015 16:43:08 #145 3.8 X486 Soil 29 29 30 87.86 <LOD 8 <LOD 6 <LOD 1.6 1722 19 <LOD 7 <LOD 22 <LOD 3.3 <LOD 8 6.4 1.2 <LOD 2.5 <LOD 1.5 434 54
11/11/2015 13:30:05 #87 GW06 0 XRF301 Soil 29 29 30 87.82 119 7 525 7 3.3 0.8 32538 161 449 8 <LOD 26 358 4 84 5 595 6 <LOD 9 <LOD 2.1 850 97
11/11/2015 13:33:09 #88 0 XRF302 Soil 29 29 30 87.93 97 7 2667 19 4 0.9 39530 203 527 9 <LOD 27 672 6 108 6 979 9 <LOD 13 2.6 0.8 1334 113
11/11/2015 13:34:52 #89 0 XRF303 Soil 29 29 30 88.06 126 7 527 7 4 0.8 34723 178 486 8 <LOD 26 615 6 84 5 645 7 <LOD 13 <LOD 2.4 1194 104
11/11/2015 13:07:03 #75 0.1 XRF289 Soil 29 29 30 87.55 35 4 25 2 <LOD 1.7 7343 46 106 4 <LOD 23 77.5 1.9 15 3 141 3 <LOD 4.4 <LOD 1.6 750 70
11/11/2015 13:08:56 #76 0.1 XRF290 Soil 29 29 30 87.54 26 4 25 3 <LOD 1.7 7878 48 88 4 <LOD 23 69.7 1.8 16 3 115 3 <LOD 4.3 <LOD 1.6 741 70
11/11/2015 13:10:34 #77 0.1 XRF291 Soil 29 29 30 87.55 30 4 31 3 <LOD 1.7 7542 46 144 4 <LOD 22 69.7 1.8 22 3 151 3 <LOD 4.3 <LOD 1.5 591 65
11/11/2015 13:17:27 #81 0.1 XRF295 Soil 29 29 30 87.62 25 4 27 3 <LOD 1.7 6401 42 174 5 <LOD 23 55.3 1.7 17 3 104 2 4.1 1.4 <LOD 1.6 631 67
11/11/2015 13:19:19 #82 0.1 XRF296 Soil 29 29 30 87.58 36 4 26 3 <LOD 1.7 6773 43 89 4 <LOD 23 60.8 1.8 16 3 113 3 4.6 1.4 <LOD 1.6 588 65
11/11/2015 13:21:10 #83 0.1 XRF297 Soil 29 29 30 87.56 33 4 28 3 <LOD 1.7 5937 40 73 4 <LOD 23 55.2 1.7 15 3 102 2 <LOD 4 <LOD 1.6 580 65
11/11/2015 13:12:23 #78 0.3 XRF292 Soil 29 29 30 87.58 12 3 10 2 <LOD 1.7 2373 23 <LOD 8 <LOD 23 16.3 1.3 <LOD 9 30.5 1.6 <LOD 2.9 <LOD 1.6 223 48
11/11/2015 13:14:04 #79 0.3 XRF293 Soil 29 29 30 87.6 11 3 13 2 <LOD 1.7 2111 21 11 3 <LOD 23 12.6 1.2 <LOD 8 24.4 1.5 2.8 0.9 <LOD 1.5 250 49
11/11/2015 13:15:43 #80 0.3 XRF294 Soil 29 29 30 87.58 14 3 12 2 <LOD 1.7 2328 22 11 3 <LOD 23 15.5 1.3 <LOD 9 29.7 1.6 <LOD 2.9 <LOD 1.6 223 48
11/11/2015 13:22:56 #84 0.5 XRF298 Soil 29 29 30 87.55 <LOD 8 11 2 <LOD 1.7 1187 16 <LOD 7 24 8 <LOD 3.2 <LOD 8 11.7 1.3 3.1 0.8 <LOD 1.5 137 43
11/11/2015 13:26:09 #85 0.5 XRF299 Soil 29 29 30 87.59 <LOD 8 7 2 <LOD 1.7 1235 16 <LOD 7 <LOD 23 <LOD 3 <LOD 8 10.9 1.3 4 0.8 <LOD 1.5 <LOD 122
11/11/2015 13:27:49 #86 0.5 XRF300 Soil 29 29 30 87.64 <LOD 8 10 2 <LOD 1.7 1272 16 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 11.6 1.3 3.2 0.8 <LOD 1.5 <LOD 116
11/11/2015 13:36:49 #90 1.1 XRF304 Soil 29 29 30 87.59 9 3 13 2 <LOD 1.7 1409 17 <LOD 7 <LOD 23 <LOD 3.3 <LOD 8 10.3 1.3 3 0.8 <LOD 1.5 147 45
11/11/2015 13:40:02 #91 1.1 XRF305 Soil 29 29 30 87.55 12 3 17 2 <LOD 1.7 1706 19 <LOD 8 <LOD 23 18.9 1.3 <LOD 8 20.4 1.4 <LOD 3 <LOD 1.5 209 47
11/11/2015 13:41:45 #92 1.1 XRF306 Soil 29 29 30 87.56 <LOD 8 15 2 <LOD 1.7 1723 19 13 3 <LOD 23 5.9 1.1 15 3 16.2 1.4 3.5 0.9 <LOD 1.6 135 44
11/11/2015 13:43:34 #93 1.3 XRF307 Soil 29 29 30 87.58 <LOD 8 11 2 <LOD 1.7 1217 16 <LOD 7 <LOD 23 <LOD 3.2 <LOD 9 12.5 1.3 4.4 0.8 <LOD 1.5 139 45
11/11/2015 13:46:20 #94 1.3 XRF308 Soil 29 29 30 87.6 <LOD 8 14 2 2.1 0.6 1231 16 <LOD 7 <LOD 24 <LOD 3.3 <LOD 9 12.8 1.4 4.4 0.9 <LOD 1.6 <LOD 134
11/11/2015 13:49:07 #95 1.3 XRF309 Soil 29 29 30 87.68 <LOD 8 16 2 <LOD 1.7 1267 17 <LOD 8 <LOD 24 <LOD 3.3 <LOD 9 11.6 1.3 3.1 0.8 <LOD 1.5 164 48
11/11/2015 13:50:52 #96 1.5 XRF310 Soil 29 29 26 83.51 18 4 83 3 <LOD 1.7 4769 35 73 4 <LOD 23 41.8 1.6 15 3 73 2 <LOD 3.7 <LOD 1.6 460 64
11/11/2015 13:52:22 #97 1.5 XRF311 Soil 29 29 22 79.5 <LOD 10 27 2 <LOD 1.6 3382 28 43 4 <LOD 22 27.9 1.4 34 3 46.4 1.8 <LOD 3.2 <LOD 1.5 241 56
11/11/2015 13:53:54 #98 1.5 XRF312 Soil 29 29 24 81.74 <LOD 9 22 2 <LOD 1.6 2534 23 35 3 <LOD 22 15.4 1.2 13 3 43.3 1.7 4.2 1 <LOD 1.5 298 57
30/10/2015 15:56:22 #109 1.9 xrf161 Soil 29 29 30 87.54 63 5 19 2 2.4 0.6 11804 65 45 4 <LOD 23 12 1.3 24 3 23.7 1.6 8.1 1 <LOD 1.7 1141 83
30/10/2015 16:01:28 #110 1.9 xrf162 Soil 29 29 30 87.76 112 5 15 2 <LOD 1.8 9467 56 34 4 <LOD 24 8.5 1.2 15 3 15.3 1.5 6.2 1 <LOD 1.6 953 78
30/10/2015 16:04:03 #111 1.9 xrf163 Soil 29 29 30 87.81 22 4 <LOD 7 <LOD 1.7 8992 54 14 3 <LOD 23 9.7 1.2 16 3 14 1.4 6.2 1 <LOD 1.6 1510 91
30/10/2015 16:06:05 #112 2.5 xrf164 Soil 29 29 30 87.55 <LOD 7 <LOD 6 <LOD 1.6 521 11 <LOD 7 <LOD 23 <LOD 3 <LOD 8 4.5 1.2 2.5 0.8 <LOD 1.5 611 61
30/10/2015 16:08:28 #113 2.5 xrf165 Soil 29 29 30 87.59 <LOD 7 <LOD 6 <LOD 1.7 426 10 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.5 2.6 0.8 <LOD 1.5 1141 78
30/10/2015 16:10:17 #114 2.5 xrf166 Soil 29 29 30 87.62 <LOD 7 <LOD 6 <LOD 1.7 571 11 <LOD 7 <LOD 23 <LOD 3.2 <LOD 8 4.4 1.2 <LOD 2.3 <LOD 1.5 894 69
19/10/2015 14:25:21 #120 GW07 0.2 X684 Soil 29 29 30 87.79 64 5 47 3 <LOD 1.8 19466 96 285 6 <LOD 23 25.9 1.5 20 3 110 3 14.3 1.2 <LOD 1.6 2259 117
19/10/2015 14:27:14 #121 0.2 X685 Soil 29 29 30 87.45 31 4 48 3 <LOD 1.5 13628 68 225 5 <LOD 21 12.2 1.2 16 3 89 2 9.5 1 <LOD 1.5 2351 105
19/10/2015 14:29:09 #122 0.2 X686 Soil 29 29 30 87.96 49 5 54 3 <LOD 1.7 18829 95 277 6 <LOD 23 25.7 1.5 26 4 131 3 10.6 1.2 <LOD 1.5 2614 124
19/10/2015 14:32:04 #123 0.4 X687 Soil 29 29 30 87.74 23 4 17 2 <LOD 1.7 5956 41 88 4 <LOD 23 20.2 1.4 27 3 46.5 1.9 4.1 1.1 <LOD 1.6 782 71
19/10/2015 14:33:50 #124 0.4 X688 Soil 29 29 30 87.79 <LOD 9 12 2 <LOD 1.7 4479 34 58 3 <LOD 23 26.3 1.4 <LOD 9 36.5 1.7 <LOD 3.3 <LOD 1.5 600 65
19/10/2015 14:36:26 #125 0.4 X689 Soil 29 29 30 87.88 <LOD 9 9 2 <LOD 1.7 3490 29 45 3 <LOD 23 19.5 1.3 10 3 30 1.6 <LOD 3 <LOD 1.5 495 58
19/10/2015 14:38:36 #126 0.6 X690 Soil 29 29 30 87.76 <LOD 8 12 2 <LOD 1.7 3521 29 34 3 <LOD 22 8.6 1.2 20 3 21.6 1.5 3.5 0.9 <LOD 1.6 525 58
19/10/2015 14:43:31 #127 0.6 X691 Soil 29 29 30 87.64 <LOD 8 10 2 <LOD 1.7 1840 20 19 3 <LOD 23 6.2 1.1 <LOD 8 15.5 1.4 <LOD 2.6 <LOD 1.6 377 54
19/10/2015 14:45:13 #128 0.6 X692 Soil 29 29 30 87.73 9 3 11 2 2.1 0.6 4231 33 113 4 <LOD 24 8.7 1.2 <LOD 9 20.1 1.5 <LOD 2.7 <LOD 1.5 452 59
19/10/2015 14:47:16 #129 0.8 X693 Soil 29 29 30 87.7 <LOD 8 12 2 <LOD 1.8 2796 25 48 3 <LOD 23 6.5 1.1 15 3 17.3 1.4 <LOD 2.6 <LOD 1.5 438 55
19/10/2015 14:49:11 #130 0.8 X694 Soil 29 29 30 87.75 <LOD 8 16 2 <LOD 1.7 3177 27 65 3 <LOD 23 10.2 1.2 <LOD 9 37.8 1.7 <LOD 2.7 <LOD 1.5 569 59
19/10/2015 14:50:57 #131 0.8 X695 Soil 29 29 30 87.67 13 3 14 2 <LOD 1.7 3448 28 32 3 <LOD 23 6.6 1.2 10 3 19 1.5 <LOD 2.6 <LOD 1.5 768 66
19/10/2015 14:54:10 #132 1 X696 Soil 29 29 30 87.74 <LOD 7 8 2 <LOD 1.7 1879 20 25 3 <LOD 23 4.8 1.1 <LOD 9 10.7 1.3 <LOD 2.5 <LOD 1.5 207 46
19/10/2015 14:56:57 #133 1 X697 Soil 29 29 30 87.68 <LOD 7 <LOD 7 <LOD 1.7 2038 21 29 3 <LOD 22 4 1.1 <LOD 8 11.6 1.3 <LOD 2.4 <LOD 1.5 336 50
19/10/2015 14:58:56 #134 1 X698 Soil 29 29 19 76.71 <LOD 9 <LOD 7 <LOD 1.6 2204 22 31 4 <LOD 23 3.9 1.1 <LOD 9 11.2 1.3 <LOD 2.4 <LOD 1.5 252 60
19/10/2015 15:00:36 #135 1.2 X699 Soil 29 29 30 87.7 <LOD 8 7 2 <LOD 1.7 3063 27 77 3 <LOD 23 <LOD 3.2 <LOD 9 11.9 1.3 3.4 0.8 <LOD 1.5 212 47
19/10/2015 15:02:15 #136 1.2 X700 Soil 29 29 30 87.7 <LOD 8 <LOD 7 <LOD 1.8 3495 29 64 3 <LOD 23 <LOD 3.2 12 3 13.4 1.4 4.1 0.8 <LOD 1.6 <LOD 136
19/10/2015 15:03:56 #137 1.2 X701 Soil 29 29 30 87.73 <LOD 8 9 2 <LOD 1.7 4903 35 74 3 <LOD 22 4.3 1.1 15 3 17.5 1.4 <LOD 2.5 <LOD 1.5 278 50
19/10/2015 15:05:42 #138 1.4 X702 Soil 29 29 30 87.71 <LOD 8 <LOD 7 <LOD 1.7 3365 28 54 3 <LOD 23 4.8 1.1 11 3 13 1.4 <LOD 2.5 <LOD 1.5 202 48
19/10/2015 15:07:41 #139 1.4 X703 Soil 29 29 30 87.71 <LOD 8 8 2 <LOD 1.7 2761 25 51 3 <LOD 23 4.4 1.1 10 3 14 1.4 <LOD 2.5 <LOD 1.6 165 46
19/10/2015 15:09:24 #140 1.4 X704 Soil 29 29 30 88.08 <LOD 9 <LOD 7 <LOD 1.7 3935 32 64 3 <LOD 24 9.1 1.2 <LOD 9 13.8 1.4 <LOD 2.7 <LOD 1.6 304 53
16/10/2015 8:33:04 #3 1.5 X488 Soil 29 29 30 87.61 32 4 17 2 <LOD 1.7 8661 50 96 4 <LOD 22 22.7 1.3 16 3 48.1 1.8 <LOD 3.1 <LOD 1.5 630 64
16/10/2015 8:35:11 #4 1.5 X489 Soil 29 29 30 87.5 21 3 18 2 <LOD 1.7 6721 42 64 3 <LOD 22 19.4 1.3 13 3 51.3 1.8 3.5 1 <LOD 1.4 542 58
16/10/2015 8:36:57 #5 1.5 X490 Soil 29 29 30 87.73 <LOD 9 7 2 <LOD 1.6 3699 29 32 3 <LOD 22 18.7 1.3 <LOD 8 23.1 1.5 <LOD 2.9 <LOD 1.5 286 50
16/10/2015 8:39:01 #6 1.6 X491 Soil 29 29 30 87.72 <LOD 9 13 2 <LOD 1.7 7566 47 204 5 <LOD 23 9.4 1.2 15 3 15.4 1.4 <LOD 2.7 <LOD 1.6 <LOD 137
16/10/2015 8:41:32 #7 1.6 X492 Soil 29 29 30 87.9 14 3 11 2 <LOD 1.7 6890 44 104 4 <LOD 23 9.6 1.2 12 3 14.5 1.4 <LOD 2.7 <LOD 1.5 <LOD 145
16/10/2015 8:43:32 #8 1.6 X493 Soil 29 29 30 88.14 18 4 12 3 <LOD 1.9 13501 78 103 4 <LOD 25 9.7 1.3 23 4 46 2 3.3 1 <LOD 1.7 204 59
16/10/2015 8:46:23 #9 1.8 X494 Soil 29 29 30 88.21 139 10 47 4 3.7 0.9 73630 385 798 13 <LOD 29 <LOD 4.9 140 7 81 3 5.2 1.2 <LOD 2.1 570 131
16/10/2015 8:48:12 #10 1.8 X495 Soil 29 29 30 88.05 238 12 47 4 <LOD 2.7 113928 599 545 12 <LOD 30 <LOD 5.8 159 8 79 3 5.7 1.4 <LOD 2.2 574 143
16/10/2015 8:50:59 #11 1.8 X496 Soil 29 29 30 88.49 161 12 40 4 <LOD 2.6 79171 442 635 13 <LOD 31 <LOD 5.2 115 7 76 3 6.1 1.2 <LOD 2.2 <LOD 427
16/10/2015 8:53:52 #12 1.9 X497 Soil 29 29 30 87.69 <LOD 7 8 2 <LOD 1.6 1531 18 <LOD 7 <LOD 22 5.2 1.1 <LOD 8 8.4 1.2 <LOD 2.5 <LOD 1.5 294 47
16/10/2015 8:55:52 #13 1.9 X498 Soil 29 29 30 87.69 <LOD 7 7 2 <LOD 1.6 1075 15 <LOD 7 <LOD 22 3.5 1.1 <LOD 8 6.3 1.2 <LOD 2.4 <LOD 1.5 330 47
16/10/2015 8:58:29 #14 2.5 X499 Soil 29 29 30 87.75 <LOD 7 7 2 <LOD 1.6 1048 15 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 29.8 1.5 <LOD 2.3 <LOD 1.4 <LOD 122
16/10/2015 9:00:19 #15 2.5 X500 Soil 29 29 30 87.88 <LOD 7 <LOD 6 <LOD 1.7 1389 17 <LOD 7 <LOD 22 3.5 1.1 <LOD 8 18.7 1.4 <LOD 2.4 <LOD 1.5 205 46
16/10/2015 9:02:37 #16 2.8 X501 Soil 29 29 30 87.5 <LOD 6 <LOD 6 <LOD 1.6 689 12 <LOD 6 <LOD 21 4.1 1 <LOD 7 <LOD 3.2 <LOD 2.3 <LOD 1.4 165 41
16/10/2015 9:06:24 #17 2.8 X502 Soil 29 28 30 87.35 <LOD 7 7 2 <LOD 1.6 2237 21 <LOD 7 <LOD 21 7.3 1.1 <LOD 8 13.7 1.3 <LOD 2.4 <LOD 1.4 163 40
16/10/2015 9:09:40 #18 3 X503 Soil 29 29 30 87.58 <LOD 8 <LOD 6 <LOD 1.6 3046 25 <LOD 8 <LOD 22 17.3 1.2 <LOD 8 13.2 1.3 4.1 1 <LOD 1.4 347 50
16/10/2015 9:12:58 #19 3 X504 Soil 29 29 30 87.91 <LOD 8 <LOD 6 <LOD 1.6 2233 22 <LOD 7 <LOD 22 11 1.2 <LOD 8 8.2 1.2 <LOD 2.6 <LOD 1.4 185 46
16/10/2015 9:15:16 #20 3.3 X505 Soil 29 29 30 87.56 <LOD 6 <LOD 6 <LOD 1.6 623 11 <LOD 6 <LOD 22 <LOD 3 <LOD 8 3.4 1.1 <LOD 2.2 <LOD 1.5 322 48
16/10/2015 9:18:53 #21 3.3 X506 Soil 29 28 30 87.08 9 2 <LOD 5.8 <LOD 1.5 2540 22 14 2 <LOD 20 <LOD 2.8 <LOD 7 4.2 1.1 6.7 0.7 <LOD 1.4 1201 68
16/10/2015 9:20:44 #22 3.3 X507 Soil 29 29 30 87.47 <LOD 7 <LOD 6 <LOD 1.6 2074 20 8 2 <LOD 22 <LOD 3.1 <LOD 8 3.5 1.1 3.9 0.8 <LOD 1.5 353 56
16/10/2015 9:22:59 #23 4 X508 Soil 29 29 30 87.86 <LOD 7 <LOD 6 <LOD 1.6 725 12 <LOD 7 <LOD 22 <LOD 3 <LOD 8 <LOD 3.2 <LOD 2.2 <LOD 1.4 475 56
16/10/2015 9:26:19 #24 4 X509 Soil 29 29 30 87.57 <LOD 6 <LOD 6 <LOD 1.5 731 12 <LOD 6 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.1 2.7 0.7 <LOD 1.5 339 51
16/10/2015 9:28:56 #25 5 X510 Soil 29 29 30 87.75 <LOD 8 <LOD 6 <LOD 1.7 2068 21 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 5.5 1.2 2.8 0.8 <LOD 1.5 847 68
16/10/2015 9:30:22 #26 5 X511 Soil 29 28 10 67.64 <LOD 11 <LOD 6 <LOD 1.6 1118 15 <LOD 11 <LOD 22 <LOD 3.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.4 303 76
20/10/2015 13:16:16 #62 GW08 0.2 X798 Soil 29 29 30 88.33 170 10 46 4 4 0.9 71769 388 825 14 <LOD 30 20 2 132 7 99 3 <LOD 4.5 <LOD 2.3 1390 152
20/10/2015 13:18:16 #63 0.2 X799 Soil 29 29 30 88.44 180 11 45 4 <LOD 2.7 68271 383 882 15 <LOD 32 18 2 151 7 84 3 7.5 1.6 <LOD 2.3 1430 163
20/10/2015 13:20:17 #64 0.2 X800 Soil 29 29 30 88.5 171 11 44 4 3 0.9 66642 372 837 15 <LOD 31 20 2 102 7 85 3 7.7 1.6 2.6 0.8 1558 166
20/10/2015 13:22:16 #65 0.4 X801 Soil 30 29 30 88.52 152 10 38 4 2.8 0.9 60423 335 720 13 <LOD 31 28 2 116 7 99 3 9.6 1.6 <LOD 2.2 3092 191
20/10/2015 13:24:31 #66 0.4 X802 Soil 30 29 30 88.8 134 11 39 4 <LOD 2.6 55387 333 699 14 <LOD 33 32 2 93 7 89 3 11.3 1.8 <LOD 2.4 4951 247
20/10/2015 13:26:13 #67 0.4 X803 Soil 29 29 30 88.3 161 10 47 4 <LOD 2.6 70459 374 818 14 <LOD 31 36 2 127 7 99 3 <LOD 4.9 <LOD 2.2 2969 180
20/10/2015 13:28:19 #68 0.6 X804 Soil 29 29 30 87.62 14 3 13 2 <LOD 1.7 1854 20 <LOD 8 <LOD 23 5.7 1.1 <LOD 8 18.2 1.4 3.5 0.9 <LOD 1.6 238 52
20/10/2015 13:30:37 #69 0.6 X805 Soil 29 29 30 87.66 13 3 13 2 <LOD 1.7 3623 29 23 3 <LOD 24 8.1 1.2 17 3 18.3 1.4 2.7 0.9 <LOD 1.5 612 66
20/10/2015 13:32:25 #70 0.6 X806 Soil 29 29 30 87.69 <LOD 9 <LOD 7 <LOD 1.7 3821 30 31 3 <LOD 23 14.1 1.3 14 3 22.6 1.5 <LOD 2.9 <LOD 1.5 744 69
20/10/2015 13:34:30 #71 0.8 X807 Soil 29 29 30 87.78 <LOD 9 15 2 <LOD 1.7 2995 27 11 3 <LOD 24 4.2 1.1 10 3 28.4 1.6 4.9 0.9 <LOD 1.6 354 61
20/10/2015 13:36:16 #72 0.8 X808 Soil 29 29 30 87.62 <LOD 9 10 2 <LOD 1.7 3249 27 <LOD 8 <LOD 23 8.1 1.2 <LOD 9 13.6 1.4 <LOD 2.6 <LOD 1.5 339 61
20/10/2015 13:38:04 #73 0.8 X809 Soil 29 29 30 87.67 <LOD 8 9 2 <LOD 1.7 2357 23 11 3 <LOD 23 6 1.1 <LOD 9 11.2 1.3 2.7 0.9 <LOD 1.6 513 64
20/10/2015 13:39:57 #74 1 X810 Soil 29 29 30 87.65 <LOD 9 9 2 <LOD 1.7 2751 25 <LOD 8 <LOD 23 7.2 1.2 <LOD 8 9.7 1.3 3.8 0.9 <LOD 1.5 245 60
20/10/2015 13:42:07 #75 1 X811 Soil 29 29 30 87.65 <LOD 9 9 2 <LOD 1.8 2766 25 <LOD 8 <LOD 23 11.2 1.2 12 3 12.4 1.4 3.3 0.9 <LOD 1.5 214 59
20/10/2015 13:43:54 #76 1 X812 Soil 29 29 30 87.64 <LOD 8 9 2 <LOD 1.7 2451 24 <LOD 8 <LOD 24 6.4 1.2 <LOD 9 11.2 1.3 3.9 0.9 <LOD 1.5 301 62
20/10/2015 13:45:58 #77 1.2 X813 Soil 29 29 30 87.9 <LOD 8 15 2 <LOD 1.8 2793 26 <LOD 8 <LOD 24 13.2 1.3 <LOD 9 17.9 1.5 <LOD 3 <LOD 1.6 308 62
20/10/2015 13:47:43 #78 1.2 X814 Soil 29 29 30 87.67 <LOD 8 <LOD 7 <LOD 1.7 2445 23 <LOD 7 <LOD 23 8 1.2 <LOD 8 10.7 1.3 2.7 0.9 <LOD 1.5 409 61
20/10/2015 13:49:26 #79 1.2 X815 Soil 29 29 30 87.66 <LOD 8 10 2 <LOD 1.7 2882 26 18 3 <LOD 23 6.7 1.2 <LOD 9 9.1 1.3 4.7 0.9 <LOD 1.5 343 61
20/10/2015 13:51:27 #80 1.4 X816 Soil 29 29 30 87.6 <LOD 8 <LOD 7 <LOD 1.7 1146 16 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.5 4.9 0.8 <LOD 1.5 339 58
20/10/2015 13:53:35 #81 1.4 X817 Soil 29 29 30 87.57 10 3 7 2 2.2 0.6 886 14 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 2.9 0.7 <LOD 1.5 260 51
20/10/2015 13:56:28 #82 1.4 X818 Soil 29 29 30 87.57 8 3 <LOD 6 <LOD 1.7 913 14 <LOD 6 <LOD 23 <LOD 2.9 <LOD 8 <LOD 3.3 2.6 0.7 <LOD 1.5 464 59
10/11/2015 8:59:15 #26 1.5 XRF25 Soil 29 29 30 87.65 <LOD 7 <LOD 6 <LOD 1.7 2451 23 <LOD 7 <LOD 22 7.5 1.1 <LOD 8 10.9 1.3 <LOD 2.6 <LOD 1.5 <LOD 146
10/11/2015 9:01:23 #27 1.5 XRF26 Soil 29 29 30 87.61 <LOD 7 9 2 <LOD 1.7 1905 20 <LOD 7 <LOD 22 3.7 1.1 <LOD 8 8.5 1.2 3.1 0.8 <LOD 1.5 <LOD 142
10/11/2015 9:04:34 #28 1.5 XRF27 Soil 29 29 30 87.53 <LOD 7 <LOD 6 <LOD 1.7 1873 20 <LOD 7 <LOD 23 8.3 1.1 <LOD 8 13.3 1.3 3.5 0.9 <LOD 1.5 <LOD 142
10/11/2015 9:07:16 #29 1.9 XRF28 Soil 29 29 30 87.62 <LOD 8 <LOD 7 <LOD 1.7 3490 28 14 3 <LOD 23 4.4 1.1 9 3 11.2 1.3 3.5 0.8 <LOD 1.5 229 52
10/11/2015 9:08:57 #30 1.9 XRF29 Soil 29 29 30 87.69 <LOD 9 10 2 <LOD 1.7 4571 34 33 3 <LOD 23 3.6 1.1 <LOD 9 14 1.4 4.7 0.9 <LOD 1.5 292 57
10/11/2015 9:11:23 #31 1.9 XRF30 Soil 29 29 30 87.63 <LOD 7 8 2 <LOD 1.7 2766 25 18 3 <LOD 23 7.9 1.2 10 3 13.6 1.3 3.4 0.9 <LOD 1.6 217 52
10/11/2015 9:13:47 #32 2.5 XRF31 Soil 29 29 30 87.57 <LOD 8 12 2 <LOD 1.7 1199 16 <LOD 7 <LOD 23 <LOD 3.2 <LOD 8 4.7 1.2 2.5 0.8 <LOD 1.5 <LOD 105
10/11/2015 9:15:27 #33 2.5 XRF32 Soil 29 29 30 87.54 <LOD 7 10 2 <LOD 1.7 1431 17 8 2 <LOD 22 <LOD 3.2 <LOD 8 5.3 1.2 <LOD 2.4 <LOD 1.5 <LOD 120
10/11/2015 9:17:11 #34 2.5 XRF33 Soil 29 29 30 87.56 <LOD 7 7 2 <LOD 1.6 1583 18 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 <LOD 3.4 3.3 0.8 <LOD 1.5 <LOD 102
10/11/2015 9:18:58 #35 3 XRF34 Soil 29 28 30 87.29 <LOD 6 <LOD 6 <LOD 1.6 299 8 <LOD 6 <LOD 22 <LOD 2.8 <LOD 7 <LOD 3.1 3.4 0.7 <LOD 1.4 <LOD 103
10/11/2015 9:20:41 #36 3 XRF35 Soil 29 28 30 87.31 <LOD 6 <LOD 6 <LOD 1.6 247 8 <LOD 7 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3 <LOD 2.2 <LOD 1.4 152 37
10/11/2015 9:22:26 #37 3 XRF36 Soil 29 28 30 87.29 <LOD 5.5 <LOD 6 <LOD 1.6 273 8 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3 2.7 0.7 <LOD 1.4 253 41
10/11/2015 9:24:29 #38 3.5 XRF37 Soil 29 28 30 87.27 <LOD 5.9 <LOD 6 <LOD 1.6 438 10 <LOD 5.9 <LOD 22 <LOD 2.9 <LOD 7 <LOD 3.2 <LOD 2.1 <LOD 1.4 236 41
10/11/2015 9:26:58 #39 3.5 XRF38 Soil 29 28 30 87.23 <LOD 6 <LOD 6 <LOD 1.6 758 12 <LOD 6 <LOD 21 <LOD 2.8 <LOD 8 <LOD 3.2 3.7 0.7 <LOD 1.4 228 40
10/11/2015 9:30:17 #40 3.5 XRF39 Soil 29 28 30 87.26 <LOD 6 <LOD 6 <LOD 1.6 446 10 <LOD 6 <LOD 22 <LOD 2.9 <LOD 7 <LOD 3.1 <LOD 2.2 <LOD 1.4 264 42
10/11/2015 9:32:08 #41 4 XRF40 Soil 29 28 30 87.34 <LOD 7 <LOD 6 <LOD 1.6 853 13 <LOD 7 <LOD 22 <LOD 2.9 <LOD 7 <LOD 3.3 3.5 0.7 <LOD 1.4 257 45
10/11/2015 9:33:49 #42 4 XRF41 Soil 29 28 30 87.38 <LOD 6 <LOD 6 <LOD 1.6 689 12 <LOD 6 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 <LOD 2.2 <LOD 1.5 231 45
10/11/2015 9:36:12 #43 4 XRF42 Soil 29 28 30 87.3 <LOD 6 <LOD 6 <LOD 1.6 657 11 <LOD 6 <LOD 22 <LOD 2.9 <LOD 8 3.3 1.1 4.2 0.7 <LOD 1.5 398 48
11/11/2015 16:29:58 #178 GW09 0 XRF391 Soil 29 29 30 87.58 55 5 42 3 <LOD 1.8 11939 67 204 5 <LOD 24 107 2 42 4 189 3 6 1.8 <LOD 1.7 698 79
11/11/2015 16:31:40 #179 0 XRF392 Soil 29 29 30 87.6 68 5 47 3 <LOD 1.8 10989 63 184 5 <LOD 24 90 2 33 3 160 3 6.1 1.7 <LOD 1.7 535 76
11/11/2015 16:33:19 #180 0 XRF393 Soil 29 29 30 87.65 57 5 48 3 <LOD 1.9 12926 72 233 6 <LOD 24 102 2 34 4 195 3 <LOD 5.2 <LOD 1.7 794 84
11/11/2015 16:35:34 #181 0.2 XRF394 Soil 29 29 30 87.58 10 3 15 2 <LOD 1.8 1971 21 <LOD 8 <LOD 23 23.3 1.4 10 3 29 1.6 <LOD 3.2 <LOD 1.6 200 51
11/11/2015 16:37:19 #182 0.2 XRF395 Soil 29 29 30 87.6 <LOD 9 15 2 2.1 0.6 2084 22 12 3 <LOD 24 31.5 1.5 11 3 36.4 1.7 3.9 1.2 <LOD 1.6 261 54
11/11/2015 16:39:02 #183 0.2 XRF396 Soil 29 29 30 87.72 <LOD 8 14 2 <LOD 1.8 2160 22 <LOD 8 <LOD 24 38.4 1.6 10 3 30.6 1.6 <LOD 3.6 <LOD 1.6 275 53
11/11/2015 16:40:49 #184 0.4 XRF397 Soil 29 29 30 87.63 9 3 14 2 <LOD 1.8 1489 18 <LOD 8 <LOD 24 17.1 1.3 13 3 16.7 1.4 <LOD 3 <LOD 1.6 211 52
11/11/2015 16:42:40 #185 0.4 XRF398 Soil 29 29 30 87.63 14 3 <LOD 7 <LOD 1.8 1436 18 <LOD 8 <LOD 25 16 1.3 18 3 17.4 1.5 <LOD 3 <LOD 1.7 <LOD 167
11/11/2015 16:44:23 #186 0.4 XRF399 Soil 29 29 30 87.65 <LOD 9 11 2 <LOD 1.8 1521 18 <LOD 8 <LOD 24 17.7 1.3 12 3 22.9 1.5 <LOD 3 <LOD 1.6 <LOD 153
11/11/2015 16:46:13 #187 1.7 XRF400 Soil 29 29 30 87.62 <LOD 8 7 2 <LOD 1.8 1065 15 <LOD 7 <LOD 24 <LOD 3.2 15 3 6.8 1.3 <LOD 2.4 <LOD 1.6 155 47
11/11/2015 16:48:29 #188 1.7 XRF401 Soil 29 29 30 87.61 <LOD 7 9 2 <LOD 1.8 438 10 <LOD 7 <LOD 24 <LOD 3.1 <LOD 9 4.4 1.2 2.9 0.8 <LOD 1.6 <LOD 128
11/11/2015 16:50:11 #189 1.7 XRF402 Soil 29 29 30 87.59 <LOD 7 <LOD 7 <LOD 1.7 317 9 <LOD 7 <LOD 24 <LOD 3.1 12 3 <LOD 3.6 3.1 0.8 <LOD 1.6 141 45
11/11/2015 16:51:57 #190 1.9 XRF403 Soil 29 29 30 87.74 25 4 20 3 <LOD 1.9 6704 46 <LOD 10 <LOD 25 4.6 1.2 15 3 13.5 1.5 8.1 1 <LOD 1.7 679 77
11/11/2015 16:54:12 #191 1.9 XRF404 Soil 29 29 30 87.72 23 4 15 3 <LOD 1.9 7671 50 18 4 <LOD 25 5.2 1.2 27 4 13.2 1.5 7.7 1 <LOD 1.6 633 75
11/11/2015 16:55:55 #192 1.9 XRF405 Soil 29 29 30 87.69 24 4 15 3 2 0.6 7379 48 <LOD 10 <LOD 24 <LOD 3.5 18 3 12.9 1.4 7.5 0.9 <LOD 1.6 713 73
11/11/2015 16:57:43 #193 2 XRF406 Soil 29 29 30 87.65 <LOD 7 11 2 <LOD 1.7 274 9 <LOD 6 <LOD 25 <LOD 3.1 10 3 <LOD 3.5 3.4 0.8 <LOD 1.6 <LOD 122
11/11/2015 16:59:24 #194 2 XRF407 Soil 29 29 30 87.63 <LOD 8 10 2 <LOD 1.8 205 8 <LOD 7 <LOD 24 <LOD 3.1 14 3 <LOD 3.6 3.1 0.8 <LOD 1.6 <LOD 110
11/11/2015 17:01:06 #195 2 XRF408 Soil 29 29 30 87.66 <LOD 7 <LOD 7 <LOD 1.7 150 7 <LOD 7 <LOD 24 <LOD 3.1 13 3 <LOD 3.6 3.1 0.8 <LOD 1.6 <LOD 129
11/11/2015 17:02:59 #196 2.5 XRF409 Soil 29 29 30 87.62 <LOD 7 <LOD 7 <LOD 1.7 370 10 <LOD 6 <LOD 24 <LOD 3.1 <LOD 8 5.1 1.2 2.5 0.8 <LOD 1.5 367 54
11/11/2015 17:04:49 #197 2.5 XRF410 Soil 29 29 30 87.57 <LOD 7 8 2 <LOD 1.7 449 10 <LOD 6 <LOD 23 <LOD 3 <LOD 8 <LOD 3.5 3.1 0.8 <LOD 1.6 434 55
11/11/2015 17:06:31 #198 2.5 XRF411 Soil 29 29 30 87.58 9 3 11 2 1.9 0.6 414 10 <LOD 6 <LOD 24 <LOD 3.1 <LOD 9 3.7 1.2 3.2 0.8 <LOD 1.6 478 58
11/11/2015 17:08:19 #199 2.7 XRF412 Soil 29 28 30 87.33 <LOD 7 8 2 <LOD 1.7 265 8 <LOD 6 <LOD 23 <LOD 2.8 <LOD 8 5.1 1.2 4.8 0.7 <LOD 1.5 <LOD 113
11/11/2015 17:10:06 #200 2.7 XRF413 Soil 29 28 30 87.34 <LOD 6 7 2 <LOD 1.6 289 8 <LOD 5.6 <LOD 23 <LOD 2.9 <LOD 8 5.1 1.2 3.4 0.7 <LOD 1.5 <LOD 117
11/11/2015 17:11:58 #201 2.7 XRF414 Soil 29 29 30 87.4 <LOD 7 8 2 <LOD 1.7 319 9 <LOD 5.8 <LOD 23 <LOD 2.9 <LOD 8 <LOD 3.4 2.9 0.7 <LOD 1.5 <LOD 112
11/11/2015 17:14:18 #202 2.8 XRF415 Soil 29 28 30 87.27 58 5 26 3 2.2 0.6 10310 59 85 4 <LOD 23 29 1.5 31 3 24 1.6 3.9 1.1 <LOD 1.6 620 70
11/11/2015 17:16:58 #203 2.8 XRF416 Soil 29 29 30 87.29 63 5 20 2 <LOD 1.8 11102 62 97 4 <LOD 23 18.7 1.3 31 3 28.1 1.6 6.9 1.1 <LOD 1.6 855 76
11/11/2015 17:19:35 #204 2.8 XRF417 Soil 29 29 30 87.31 51 5 25 3 <LOD 1.8 10729 61 104 4 <LOD 23 17.4 1.3 32 3 28.7 1.6 7.4 1.1 <LOD 1.7 827 76
11/11/2015 17:22:12 #205 3 XRF418 Soil 29 29 30 87.41 <LOD 8 9 2 <LOD 1.7 1003 14 <LOD 7 <LOD 23 <LOD 3.1 10 3 5.8 1.2 4 0.8 <LOD 1.5 235 47
11/11/2015 17:24:30 #206 3 XRF419 Soil 29 29 30 87.39 <LOD 7 8 2 <LOD 1.7 870 13 <LOD 7 <LOD 23 <LOD 3.2 <LOD 8 5.9 1.2 3.3 0.8 <LOD 1.5 160 43
11/11/2015 17:26:14 #207 3 XRF420 Soil 29 29 30 87.49 <LOD 7 <LOD 7 <LOD 1.7 726 13 <LOD 7 <LOD 23 3.4 1.1 <LOD 8 8.6 1.3 <LOD 2.5 <LOD 1.6 157 45
11/11/2015 17:29:25 #208 3.3 XRF421 Soil 29 29 30 87.53 <LOD 8 10 2 <LOD 1.7 2077 22 <LOD 7 <LOD 24 <LOD 3 <LOD 9 <LOD 3.6 4.2 0.8 <LOD 1.6 <LOD 169
11/11/2015 17:31:13 #209 3.3 XRF422 Soil 29 29 30 87.76 <LOD 7 8 2 <LOD 1.8 378 10 <LOD 7 <LOD 24 <LOD 3.2 <LOD 9 <LOD 3.7 3 0.8 <LOD 1.6 <LOD 139
11/11/2015 17:32:59 #210 3.3 XRF423 Soil 29 29 30 87.84 <LOD 7 8 2 2.2 0.6 396 11 <LOD 7 <LOD 25 <LOD 3.3 <LOD 9 4.1 1.3 2.5 0.8 <LOD 1.7 <LOD 146
11/11/2015 17:34:57 #211 3.5 XRF424 Soil 29 29 30 87.46 <LOD 7 8 2 <LOD 1.7 300 9 <LOD 7 27 8 <LOD 2.9 <LOD 8 <LOD 3.3 2.7 0.7 <LOD 1.5 <LOD 149
11/11/2015 17:36:38 #212 3.5 XRF425 Soil 29 28 30 87.36 <LOD 7 <LOD 6 <LOD 1.7 299 9 <LOD 7 <LOD 24 <LOD 2.9 8 3 4.4 1.2 4.8 0.7 <LOD 1.5 <LOD 162
11/11/2015 17:38:30 #213 3.5 XRF426 Soil 29 28 30 87.33 <LOD 6 <LOD 6 <LOD 1.6 336 9 <LOD 6 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 2.4 0.7 <LOD 1.5 <LOD 119
11/11/2015 17:40:30 #214 4.2 XRF427 Soil 29 28 30 87.26 <LOD 7 13 2 <LOD 1.7 788 13 <LOD 6 <LOD 22 <LOD 2.9 9 3 <LOD 3.3 4 0.7 <LOD 1.5 138 40
11/11/2015 17:42:06 #215 4.2 XRF428 Soil 29 28 22 79.28 <LOD 8 9 2 <LOD 1.6 659 11 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 3.4 0.7 <LOD 1.4 146 47
11/11/2015 17:43:33 #216 4.2 XRF429 Soil 29 28 18 75.37 <LOD 9 <LOD 6 <LOD 1.6 526 10 <LOD 8 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 4.4 0.7 <LOD 1.4 <LOD 163
11/11/2015 17:45:31 #217 4.5 XRF430 Soil 29 28 30 87.16 <LOD 7 7 2 <LOD 1.6 808 13 <LOD 6 <LOD 21 <LOD 3 <LOD 8 <LOD 3.2 2.8 0.8 <LOD 1.4 144 41
11/11/2015 17:47:18 #218 4.5 XRF431 Soil 29 28 30 87.2 <LOD 7 <LOD 6 <LOD 1.6 716 12 <LOD 6 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.2 2.2 0.7 <LOD 1.4 <LOD 111
11/11/2015 17:49:11 #219 4.5 XRF432 Soil 29 28 23 79.94 <LOD 8 <LOD 6 <LOD 1.6 667 12 <LOD 7 <LOD 22 <LOD 2.9 10 3 5.1 1.2 3.3 0.7 <LOD 1.5 141 47
11/11/2015 17:50:51 #220 5 XRF433 Soil 29 28 23 80.15 <LOD 7 <LOD 5.9 <LOD 1.6 1052 14 <LOD 7 <LOD 21 <LOD 2.9 9 3 4 1.1 2.6 0.7 <LOD 1.4 159 43
11/11/2015 17:52:30 #221 5 XRF434 Soil 29 28 30 87.34 <LOD 7 7 2 <LOD 1.6 1049 14 <LOD 7 <LOD 21 <LOD 3.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.5 118 38
11/11/2015 17:55:11 #222 5 XRF435 Soil 29 28 30 87.28 <LOD 7 <LOD 6 <LOD 1.6 909 13 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 4.5 1.1 <LOD 2.2 <LOD 1.4 208 41
20/10/2015 11:09:41 #14 GW10 0.2 X750 Soil 29 29 30 87.63 <LOD 6 <LOD 6 <LOD 1.7 686 12 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 <LOD 3.4 <LOD 2.3 <LOD 1.5 222 44
20/10/2015 11:11:54 #15 0.2 X751 Soil 29 29 30 87.58 <LOD 6 <LOD 6 <LOD 1.6 546 11 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 2.2 0.7 <LOD 1.5 255 45
20/10/2015 11:14:34 #16 0.2 X752 Soil 29 29 30 87.59 <LOD 6 <LOD 6 <LOD 1.6 414 10 <LOD 7 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 2.7 0.7 <LOD 1.4 144 40
20/10/2015 11:16:22 #17 0.4 X753 Soil 29 29 30 87.54 <LOD 7 <LOD 6 <LOD 1.7 453 10 <LOD 6 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 <LOD 2.2 <LOD 1.4 <LOD 116
20/10/2015 11:18:19 #18 0.4 X754 Soil 29 29 30 87.57 <LOD 7 7 2 <LOD 1.6 399 10 <LOD 6 <LOD 23 <LOD 2.9 <LOD 8 <LOD 3.4 4 0.7 <LOD 1.5 <LOD 124
20/10/2015 11:20:27 #19 0.4 X755 Soil 29 29 30 87.61 <LOD 7 <LOD 7 <LOD 1.7 445 10 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 3 0.8 <LOD 1.4 195 44
20/10/2015 11:22:00 #20 0.6 X756 Soil 29 29 20 77.36 <LOD 9 7 2 <LOD 1.6 345 9 <LOD 8 <LOD 22 <LOD 3.1 <LOD 8 <LOD 3.3 3.2 0.8 <LOD 1.5 <LOD 126
20/10/2015 11:23:40 #21 0.6 X757 Soil 29 29 30 87.54 <LOD 7 9 2 <LOD 1.7 301 9 <LOD 6 <LOD 22 <LOD 3.1 <LOD 8 <LOD 3.4 4.5 0.8 1.6 0.5 <LOD 117
20/10/2015 11:25:22 #22 0.6 X758 Soil 29 29 30 87.46 <LOD 7 <LOD 6 <LOD 1.6 695 11 <LOD 6 <LOD 21 4.3 1 <LOD 8 <LOD 3.1 <LOD 2.3 <LOD 1.4 283 43
20/10/2015 11:27:04 #23 0.6 X759 Soil 29 29 30 87.56 <LOD 7 <LOD 6 <LOD 1.7 279 8 <LOD 6 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.4 3.3 0.8 <LOD 1.5 <LOD 113
20/10/2015 11:29:01 #24 0.8 X760 Soil 29 29 30 87.56 <LOD 7 <LOD 6 <LOD 1.7 291 9 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.4 4.1 0.8 <LOD 1.5 <LOD 113
20/10/2015 11:30:44 #25 0.8 X761 Soil 29 29 30 87.57 <LOD 7 <LOD 6 <LOD 1.6 434 10 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.3 3.5 0.8 <LOD 1.5 <LOD 114
20/10/2015 11:33:28 #26 0.8 X762 Soil 29 29 30 87.5 <LOD 7 <LOD 7 1.8 0.6 560 11 <LOD 7 <LOD 23 <LOD 3.2 10 3 <LOD 3.5 7.9 0.9 <LOD 1.6 <LOD 105
20/10/2015 11:35:13 #27 0.8 X763 Soil 29 29 30 87.58 <LOD 7 <LOD 6 <LOD 1.7 352 9 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.4 5.2 0.8 <LOD 1.5 <LOD 120
20/10/2015 11:37:02 #28 1 X764 Soil 29 29 30 87.6 13 3 9 2 <LOD 1.6 980 14 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 6.8 0.8 <LOD 1.6 <LOD 128
20/10/2015 11:38:58 #29 1 X765 Soil 29 29 30 87.59 <LOD 7 <LOD 7 <LOD 1.7 1306 17 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.5 9.5 0.9 <LOD 1.5 176 49
20/10/2015 11:40:44 #30 1 X766 Soil 29 29 30 87.61 <LOD 7 11 2 <LOD 1.7 1049 15 <LOD 7 <LOD 23 <LOD 3.1 <LOD 9 4.4 1.2 6.4 0.8 <LOD 1.5 <LOD 125
20/10/2015 11:42:35 #31 1.2 X767 Soil 29 29 30 87.53 <LOD 7 <LOD 7 <LOD 1.8 498 11 <LOD 7 <LOD 23 <LOD 2.9 12 3 <LOD 3.4 5.7 0.8 <LOD 1.5 <LOD 125
20/10/2015 11:45:04 #32 1.2 X768 Soil 29 29 30 87.58 <LOD 7 <LOD 7 <LOD 1.7 540 11 <LOD 7 <LOD 23 <LOD 3.1 10 3 5.8 1.2 3.1 0.8 <LOD 1.5 <LOD 111
20/10/2015 11:46:53 #33 1.2 X769 Soil 29 29 30 87.6 <LOD 8 7 2 <LOD 1.7 586 11 <LOD 7 <LOD 24 <LOD 3 <LOD 8 <LOD 3.5 3.9 0.8 <LOD 1.5 <LOD 121
16/10/2015 11:27:22 #61 1.3 X546 Soil 29 29 15 72.37 <LOD 10 <LOD 6 <LOD 1.6 715 12 <LOD 10 <LOD 22 <LOD 3 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 185 58
16/10/2015 11:28:44 #62 1.3 X547 Soil 29 29 11 68.44 21 5 <LOD 6 <LOD 1.7 365 9 <LOD 11 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 <LOD 2.2 <LOD 1.5 <LOD 187
16/10/2015 11:30:09 #63 1.3 X548 Soil 29 28 8 65.56 <LOD 12 <LOD 6 <LOD 1.6 277 8 <LOD 11 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.2 <LOD 2.1 <LOD 1.4 <LOD 174
20/10/2015 11:48:45 #34 1.4 X770 Soil 29 29 30 87.58 <LOD 7 <LOD 6 <LOD 1.7 428 10 <LOD 7 <LOD 23 <LOD 3.1 12 3 <LOD 3.5 5 0.8 <LOD 1.5 <LOD 130
20/10/2015 11:50:50 #35 1.4 X771 Soil 29 29 30 87.58 <LOD 8 9 2 <LOD 1.7 438 10 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 3.7 1.2 4.1 0.8 <LOD 1.5 <LOD 123
20/10/2015 11:52:31 #36 1.4 X772 Soil 29 29 30 87.58 <LOD 7 9 2 <LOD 1.8 448 10 <LOD 7 <LOD 24 <LOD 3.1 <LOD 8 <LOD 3.5 3.8 0.8 <LOD 1.5 <LOD 117
16/10/2015 11:17:56 #57 1.4 X542 Soil 29 29 30 87.49 <LOD 6 8 2 <LOD 1.6 714 12 <LOD 7 <LOD 22 <LOD 3 <LOD 8 7.1 1.2 <LOD 2.2 1.7 0.5 649 57
16/10/2015 11:20:11 #58 1.4 X543 Soil 29 29 30 87.64 <LOD 7 <LOD 6 <LOD 1.6 554 11 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 3.6 1.1 <LOD 2.3 <LOD 1.4 507 57
16/10/2015 11:24:32 #59 1.8 X544 Soil 29 29 5 62.63 <LOD 15 <LOD 6 <LOD 1.7 410 10 <LOD 16 <LOD 22 <LOD 3 <LOD 8 6.6 1.2 <LOD 2.2 <LOD 1.5 392 123
16/10/2015 11:25:45 #60 1.8 X545 Soil 29 29 5 62.84 <LOD 16 <LOD 7 <LOD 1.6 768 13 <LOD 17 <LOD 22 <LOD 3.2 <LOD 8 11 1.3 <LOD 2.4 <LOD 1.5 <LOD 370
16/10/2015 11:32:34 #64 2.5 X549 Soil 29 29 30 87.78 9 3 17 2 <LOD 1.7 2535 24 25 3 <LOD 23 18.3 1.3 <LOD 8 42.2 1.8 <LOD 3 <LOD 1.5 <LOD 118
16/10/2015 11:34:02 #65 2.5 X550 Soil 29 29 11 69.28 <LOD 15 27 3 <LOD 1.6 4471 33 32 5 <LOD 23 53.2 1.7 <LOD 8 88 2 4.1 1.3 <LOD 1.6 <LOD 203
16/10/2015 11:39:24 #68 2.6 X553 Soil 29 29 30 87.8 <LOD 10 29 3 <LOD 1.7 8661 52 27 3 <LOD 23 120 2 <LOD 9 117 3 5.6 1.8 <LOD 1.6 164 52
16/10/2015 11:41:14 #69 2.6 X554 Soil 29 29 30 87.51 <LOD 10 31 3 <LOD 1.8 10736 60 19 3 <LOD 23 101 2 11 3 119 3 11.8 1.7 <LOD 1.6 300 53
16/10/2015 11:36:03 #66 2.7 X551 Soil 29 28 30 87.27 <LOD 6 <LOD 6 <LOD 1.6 566 11 <LOD 6 <LOD 22 <LOD 2.9 <LOD 7 9.6 1.2 3.1 0.7 <LOD 1.4 <LOD 98
16/10/2015 11:37:30 #67 2.7 X552 Soil 29 28 16 73.18 <LOD 9 <LOD 6 <LOD 1.6 464 10 <LOD 9 <LOD 22 <LOD 2.9 <LOD 8 8.4 1.2 3.9 0.7 <LOD 1.4 <LOD 135
16/10/2015 11:43:24 #70 3 X555 Soil 29 29 30 87.81 <LOD 7 <LOD 6 <LOD 1.6 1429 17 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 3.6 1.1 <LOD 2.3 <LOD 1.4 <LOD 114
16/10/2015 11:45:20 #71 3 X556 Soil 29 28 30 87.39 <LOD 7 <LOD 6 <LOD 1.6 810 13 <LOD 7 <LOD 22 <LOD 3 <LOD 8 5.4 1.2 2.7 0.7 <LOD 1.5 <LOD 93
16/10/2015 11:47:46 #72 4 X557 Soil 29 28 22 79.2 <LOD 7 <LOD 6 <LOD 1.6 985 14 <LOD 8 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.2 3.3 0.7 <LOD 1.4 <LOD 125
16/10/2015 11:49:25 #73 4 X558 Soil 29 28 29 86.01 <LOD 6 7 2 1.9 0.6 703 12 <LOD 6 <LOD 21 <LOD 3 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.4 <LOD 108
16/10/2015 11:51:15 #74 4 X559 Soil 29 28 30 87.21 <LOD 7 9 2 <LOD 1.7 913 14 <LOD 7 <LOD 22 <LOD 3 <LOD 8 <LOD 3.4 3.4 0.8 <LOD 1.5 140 39
10/11/2015 8:09:56 #2 GW11 0.1 XRF1 Soil 29 29 30 88.16 209 11 49 4 3.2 0.9 73890 388 929 14 <LOD 29 <LOD 5 146 7 80 3 5.9 1.2 <LOD 2.2 391 123
10/11/2015 8:12:04 #3 0.1 XRF2 Soil 29 29 30 88.37 185 11 42 4 3.3 0.9 78326 424 945 15 <LOD 31 <LOD 5.3 136 7 78 3 4.8 1.3 <LOD 2.2 665 136
10/11/2015 8:13:51 #4 0.1 XRF3 Soil 29 29 30 88.4 182 11 32 4 <LOD 2.5 64283 352 916 15 <LOD 30 <LOD 5.1 123 7 68 3 6.3 1.2 <LOD 2.2 939 143
10/11/2015 8:15:44 #5 0.2 XRF4 Soil 29 29 30 88.41 181 11 36 4 <LOD 2.6 77183 422 960 15 <LOD 32 <LOD 5.3 152 7 77 3 4.2 1.2 <LOD 2.2 1603 161
10/11/2015 8:18:03 #6 0.2 XRF5 Soil 29 29 30 88.45 160 11 37 4 <LOD 2.7 73693 408 934 15 <LOD 32 <LOD 5.3 153 7 75 3 5.7 1.3 <LOD 2.2 2395 175
10/11/2015 8:20:02 #7 0.2 XRF6 Soil 29 29 30 88.35 192 11 38 4 <LOD 2.7 82749 455 972 16 <LOD 32 <LOD 5.4 182 8 82 3 5.6 1.3 <LOD 2.3 1583 166
10/11/2015 8:21:58 #8 0.4 XRF7 Soil 29 29 30 88.08 178 7 160 4 <LOD 2.1 23981 125 369 7 <LOD 25 414 5 41 4 1106 9 <LOD 10 <LOD 2 610 80
10/11/2015 8:23:52 #9 0.4 XRF8 Soil 29 29 30 88.04 128 6 247 5 <LOD 2.2 24588 128 330 7 <LOD 25 474 5 40 4 1178 10 <LOD 11 <LOD 2.2 785 85
10/11/2015 8:25:51 #10 0.4 XRF9 Soil 29 29 30 87.73 154 7 196 5 <LOD 2.6 26910 139 402 7 <LOD 25 2106 13 71 5 1165 10 <LOD 21 <LOD 2.9 835 87
10/11/2015 8:27:42 #11 0.6 XRF10 Soil 29 29 30 88.08 97 6 100 4 <LOD 2 21652 115 166 5 <LOD 25 277 4 42 4 567 6 15 3 <LOD 2 372 69
10/11/2015 8:29:25 #12 0.6 XRF11 Soil 29 29 30 87.84 53 4 85 3 <LOD 1.9 15674 84 199 5 <LOD 24 319 4 24 4 195 3 <LOD 8 <LOD 1.8 451 64
10/11/2015 8:31:26 #13 0.6 XRF12 Soil 29 29 30 87.77 86 5 136 4 <LOD 1.9 15015 81 163 5 <LOD 24 237 3 27 4 309 4 <LOD 7 <LOD 1.8 472 66
10/11/2015 8:34:20 #14 0.8 XRF13 Soil 29 29 30 87.66 47 4 31 3 <LOD 1.7 6209 41 56 3 <LOD 23 118 2 13 3 46.3 1.8 <LOD 5.3 <LOD 1.6 295 52
10/11/2015 8:36:07 #15 0.8 XRF14 Soil 29 29 30 87.68 116 5 39 3 <LOD 1.8 9915 58 72 4 <LOD 23 75.5 1.9 26 3 48.4 1.9 <LOD 4.6 <LOD 1.6 384 58
10/11/2015 8:37:49 #16 0.8 XRF15 Soil 29 29 30 87.71 43 4 30 3 <LOD 1.7 6325 42 62 3 <LOD 23 68.2 1.8 21 3 46.9 1.8 <LOD 4.3 <LOD 1.6 223 50
10/11/2015 8:40:04 #17 1 XRF16 Soil 29 29 30 87.66 32 4 32 3 <LOD 1.8 8229 50 80 3 <LOD 23 86 2 18 3 67 2 <LOD 4.7 <LOD 1.6 377 59
10/11/2015 8:42:09 #18 1 XRF17 Soil 29 29 30 87.62 19 3 25 3 <LOD 1.8 7092 45 93 4 <LOD 23 74.6 1.9 17 3 58 2 <LOD 4.4 <LOD 1.6 401 63
10/11/2015 8:43:55 #19 1 XRF18 Soil 29 29 30 87.77 28 4 27 3 <LOD 1.8 7109 46 71 3 <LOD 23 109 2 21 3 73 2 <LOD 5.1 <LOD 1.6 444 64
10/11/2015 8:46:41 #20 1.2 XRF19 Soil 29 29 30 87.44 <LOD 7 7 2 <LOD 1.6 1291 16 <LOD 7 <LOD 22 8.4 1.1 <LOD 8 7.5 1.2 <LOD 2.5 <LOD 1.4 <LOD 105
10/11/2015 8:48:27 #21 1.2 XRF20 Soil 29 29 30 87.47 <LOD 7 8 2 <LOD 1.7 1607 18 <LOD 7 <LOD 22 19.1 1.3 <LOD 8 13.7 1.3 <LOD 2.9 <LOD 1.5 <LOD 108
10/11/2015 8:51:22 #22 1.2 XRF21 Soil 29 29 30 87.42 <LOD 7 <LOD 6 <LOD 1.6 2283 22 <LOD 7 <LOD 22 13.2 1.2 <LOD 8 13.8 1.3 <LOD 2.7 <LOD 1.5 <LOD 119
10/11/2015 8:53:33 #23 1.4 XRF22 Soil 29 29 30 87.56 <LOD 5.7 <LOD 6 <LOD 1.5 302 8 <LOD 5.8 <LOD 22 <LOD 3 <LOD 8 <LOD 3.2 <LOD 2.2 <LOD 1.4 <LOD 100
10/11/2015 8:55:29 #24 1.4 XRF23 Soil 29 29 30 87.43 <LOD 5.8 7 2 <LOD 1.6 321 9 <LOD 6 <LOD 22 <LOD 3 <LOD 7 <LOD 3.3 2.7 0.7 <LOD 1.4 <LOD 90
10/11/2015 8:57:20 #25 1.4 XRF24 Soil 29 29 30 87.46 <LOD 6 6 2 <LOD 1.6 236 8 <LOD 5.5 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 2.6 0.7 <LOD 1.5 <LOD 90
30/10/2015 15:34:29 #100 2.5 xrf152 Soil 29 29 30 87.47 <LOD 7 8 2 <LOD 1.7 939 14 <LOD 6 <LOD 22 <LOD 3.2 <LOD 8 9.9 1.3 3.8 0.8 <LOD 1.5 399 52
30/10/2015 15:37:12 #101 2.5 xrf153 Soil 29 29 30 87.43 17 3 9 2 <LOD 1.7 825 13 <LOD 7 <LOD 23 6.8 1.1 <LOD 8 11 1.3 2.8 0.9 <LOD 1.5 392 52
30/10/2015 15:39:41 #102 2.5 xrf154 Soil 29 29 30 87.46 <LOD 7 7 2 <LOD 1.6 1120 15 <LOD 7 <LOD 22 3.4 1.1 <LOD 8 7.7 1.2 <LOD 2.4 <LOD 1.4 489 54
30/10/2015 15:42:59 #103 4.4 xrf155 Soil 29 29 30 87.47 <LOD 7 9 2 <LOD 1.7 1363 17 15 3 <LOD 22 <LOD 3 <LOD 8 <LOD 3.4 2.5 0.7 <LOD 1.5 419 53
30/10/2015 15:45:08 #104 4.4 xrf156 Soil 29 28 30 87.4 <LOD 6 8 2 <LOD 1.6 585 11 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 3.4 1.1 3.9 0.7 <LOD 1.5 476 59
30/10/2015 15:47:00 #105 4.4 xrf157 Soil 29 29 30 87.11 <LOD 7 <LOD 6 <LOD 1.6 857 13 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 4.4 1.2 <LOD 2.3 <LOD 1.5 480 60
30/10/2015 15:48:39 #106 5 xrf158 Soil 29 28 30 87.26 <LOD 6 <LOD 6 <LOD 1.6 795 12 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 4.8 0.7 <LOD 1.4 426 51
30/10/2015 15:51:31 #107 5 xrf159 Soil 29 28 30 87.23 <LOD 6 <LOD 6 <LOD 1.6 468 10 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 4.7 1.1 2.4 0.7 <LOD 1.4 421 50
30/10/2015 15:53:17 #108 5 xrf160 Soil 29 28 30 87.34 <LOD 6 <LOD 6 <LOD 1.6 778 12 <LOD 7 <LOD 21 <LOD 2.9 <LOD 8 3.9 1.1 2.8 0.7 <LOD 1.4 421 50
11/11/2015 11:54:03 #50 GW12 0.1 XRF265 Soil 29 29 30 87.69 31 4 22 3 <LOD 1.8 5543 39 53 3 <LOD 24 97 2 <LOD 9 99 2 <LOD 4.9 <LOD 1.6 479 62
11/11/2015 11:56:46 #51 0.1 XRF266 Soil 29 29 30 87.66 22 4 28 3 <LOD 1.8 6854 45 108 4 <LOD 23 79 2 19 3 128 3 <LOD 4.6 <LOD 1.7 564 65
11/11/2015 11:58:37 #52 0.1 XRF267 Soil 29 29 30 87.73 22 3 30 3 <LOD 1.7 5643 39 60 3 <LOD 23 91 2 14 3 104 2 <LOD 4.7 <LOD 1.6 608 63
11/11/2015 12:05:43 #56 0.1 XRF271 Soil 29 29 30 87.68 <LOD 9 16 2 <LOD 1.8 3968 31 38 3 <LOD 23 65.3 1.8 10 3 69 2 <LOD 4.2 <LOD 1.6 269 52
11/11/2015 12:08:27 #57 0.1 XRF272 Soil 29 29 30 87.76 14 3 19 3 <LOD 1.9 4820 36 55 3 <LOD 24 105 2 19 3 102 3 <LOD 5 <LOD 1.7 447 61
11/11/2015 12:10:18 #58 0.1 XRF273 Soil 29 29 30 87.66 56 4 28 3 <LOD 1.7 6578 44 85 4 <LOD 24 78.1 2 25 3 131 3 <LOD 4.6 <LOD 1.6 696 70
11/11/2015 12:00:23 #53 0.5 XRF268 Soil 29 29 30 87.65 14 3 19 2 <LOD 1.7 3115 27 39 3 <LOD 23 60.7 1.8 10 3 63 2 <LOD 4.1 <LOD 1.6 301 51
11/11/2015 12:02:08 #54 0.5 XRF269 Soil 29 29 30 87.67 10 3 23 2 <LOD 1.8 2706 25 16 3 <LOD 23 68.9 1.8 <LOD 9 58.3 2 <LOD 4.2 <LOD 1.6 245 46
11/11/2015 12:03:54 #55 0.5 XRF270 Soil 29 29 30 87.64 13 3 23 2 <LOD 1.7 2412 23 17 3 <LOD 23 56.7 1.7 <LOD 9 54.5 1.9 <LOD 3.9 <LOD 1.5 237 46
11/11/2015 12:12:22 #59 0.5 XRF274 Soil 29 29 30 87.71 12 3 20 3 <LOD 1.8 2203 23 11 3 <LOD 24 51.8 1.7 <LOD 9 47.2 1.9 <LOD 4 <LOD 1.6 207 51
11/11/2015 12:14:19 #60 0.5 XRF275 Soil 29 29 30 87.69 <LOD 9 21 3 <LOD 1.9 2493 24 22 3 <LOD 24 62.5 1.8 14 3 49.1 1.9 <LOD 4.2 <LOD 1.6 163 50
11/11/2015 12:16:19 #61 0.5 XRF276 Soil 29 29 30 87.67 21 3 16 2 <LOD 1.8 1814 20 12 3 <LOD 25 57.3 1.8 <LOD 9 46.9 1.9 <LOD 4 <LOD 1.6 147 48
11/11/2015 12:18:07 #62 0.7 XRF277 Soil 29 29 30 87.77 24 4 53 3 <LOD 1.9 4740 36 61 3 <LOD 24 324 4 14 3 138 3 <LOD 8 <LOD 1.8 384 59
11/11/2015 12:19:49 #63 0.7 XRF278 Soil 29 29 30 87.71 21 4 61 3 2.1 0.7 4476 35 66 4 <LOD 24 338 4 24 3 177 3 <LOD 8 <LOD 1.9 485 64
11/11/2015 12:21:45 #64 0.7 XRF279 Soil 29 29 30 87.68 49 4 98 3 2.6 0.7 6510 44 122 4 <LOD 25 536 5 28 3 334 4 24 4 <LOD 2 737 76
11/11/2015 12:23:48 #65 1 XRF280 Soil 29 29 30 87.61 <LOD 9 10 2 <LOD 1.7 1783 20 9 3 <LOD 23 14.9 1.3 <LOD 8 18.1 1.4 <LOD 2.9 <LOD 1.6 <LOD 126
11/11/2015 12:25:27 #66 1 XRF281 Soil 29 29 30 87.68 11 3 12 2 <LOD 1.7 2634 25 24 3 <LOD 24 13.7 1.3 13 3 27.7 1.6 <LOD 2.9 <LOD 1.6 <LOD 133
11/11/2015 12:27:15 #67 1 XRF282 Soil 29 29 30 87.65 <LOD 9 13 2 <LOD 1.8 1813 20 12 3 <LOD 24 13.7 1.3 <LOD 8 18.7 1.5 <LOD 2.9 <LOD 1.6 <LOD 131
11/11/2015 12:29:48 #68 1 XRF283 Soil 29 29 30 87.64 10 3 13 2 <LOD 1.7 2196 22 35 3 <LOD 24 13.8 1.3 <LOD 9 17.7 1.4 <LOD 2.9 <LOD 1.6 <LOD 138
11/11/2015 12:31:32 #69 1 XRF284 Soil 29 29 30 87.64 13 3 15 2 2.5 0.6 2081 21 16 3 <LOD 23 12.1 1.2 <LOD 9 23.1 1.5 4.3 1 <LOD 1.6 <LOD 130
11/11/2015 12:33:23 #70 1 XRF285 Soil 29 29 30 87.63 11 3 15 2 <LOD 1.7 2302 23 19 3 <LOD 23 22.9 1.4 13 3 29.2 1.6 3.5 1.1 <LOD 1.5 177 47
11/11/2015 12:35:09 #71 1.5 XRF286 Soil 29 29 30 87.74 <LOD 10 11 2 <LOD 1.8 5274 38 146 4 <LOD 24 20.3 1.4 12 3 20.8 1.5 <LOD 3.2 <LOD 1.6 <LOD 153
11/11/2015 12:36:42 #72 1.5 XRF287 Soil 29 29 23 80.94 21 4 17 2 1.9 0.6 7021 46 68 4 <LOD 23 25.6 1.4 10 3 30.4 1.7 3.9 1.1 <LOD 1.6 240 59
11/11/2015 12:38:06 #73 1.5 XRF288 Soil 29 29 13 71.05 23 5 19 3 <LOD 1.8 6171 42 53 5 <LOD 24 33.6 1.5 13 3 25.6 1.6 6.2 1.2 <LOD 1.6 <LOD 237
29/10/2015 14:10:30 #5 1.6 xrf26 Soil 29 29 30 87.45 <LOD 7 <LOD 6 <LOD 1.6 1063 14 <LOD 6 <LOD 22 <LOD 3.1 <LOD 8 8.8 1.2 2.5 0.8 <LOD 1.4 <LOD 114
29/10/2015 14:13:03 #6 1.6 xrf27 Soil 29 29 30 87.5 <LOD 7 8 2 <LOD 1.7 971 14 <LOD 7 <LOD 23 <LOD 3 <LOD 8 7.1 1.2 <LOD 2.3 <LOD 1.5 173 45
29/10/2015 14:15:11 #7 1.6 xrf28 Soil 29 28 30 87.4 <LOD 7 8 2 <LOD 1.6 1043 14 <LOD 6 23 7 <LOD 3 <LOD 8 8.8 1.2 <LOD 2.2 <LOD 1.4 228 49
29/10/2015 14:21:36 #8 2 xrf29 Soil 29 29 30 87.57 <LOD 7 <LOD 6 <LOD 1.7 606 11 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 2.7 0.8 <LOD 1.5 <LOD 118
29/10/2015 14:23:34 #9 2 xrf30 Soil 29 29 30 87.6 <LOD 7 <LOD 7 2.3 0.6 419 10 <LOD 6 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.4 2.6 0.8 <LOD 1.5 <LOD 113
29/10/2015 14:26:07 #10 2 xrf31 Soil 29 29 30 87.57 <LOD 7 <LOD 7 <LOD 1.7 390 10 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.5 2.6 0.8 <LOD 1.5 <LOD 109
29/10/2015 14:30:49 #11 2.5 xrf32 Soil 29 29 30 87.56 9 3 <LOD 6 <LOD 1.7 605 12 <LOD 7 <LOD 23 <LOD 2.9 <LOD 8 <LOD 3.3 5.1 0.8 <LOD 1.5 222 47
29/10/2015 14:33:49 #12 2.5 xrf33 Soil 29 29 30 87.55 <LOD 7 7 2 <LOD 1.6 526 11 <LOD 6 <LOD 24 <LOD 2.9 <LOD 8 4.5 1.2 3.5 0.7 <LOD 1.5 152 44
29/10/2015 14:35:32 #13 2.5 xrf34 Soil 29 29 30 87.55 <LOD 7 9 2 <LOD 1.7 653 12 <LOD 7 <LOD 24 <LOD 3 <LOD 8 <LOD 3.5 5.2 0.8 <LOD 1.6 292 51
29/10/2015 14:39:02 #14 3 xrf35 Soil 29 28 30 87.18 <LOD 6 7 2 <LOD 1.6 511 10 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 8.3 1.2 <LOD 2.2 <LOD 1.4 <LOD 99
29/10/2015 14:41:14 #15 3 xrf36 Soil 29 28 30 87.27 <LOD 6 <LOD 6 <LOD 1.6 305 8 <LOD 6 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 2.5 0.7 <LOD 1.4 190 40
29/10/2015 14:43:29 #16 3 xrf37 Soil 29 28 30 87.2 <LOD 6 7 2 <LOD 1.6 304 8 <LOD 6 <LOD 22 <LOD 2.9 <LOD 7 3.6 1.1 <LOD 2.1 <LOD 1.4 198 42
30/10/2015 8:04:45 #2 3.5 xrf56 Soil 29 28 30 87.23 <LOD 6 <LOD 6 <LOD 1.6 933 13 <LOD 6 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.1 3.3 0.7 <LOD 1.5 657 57
30/10/2015 8:07:00 #3 3.5 xrf57 Soil 29 28 30 87.37 <LOD 7 <LOD 6 <LOD 1.6 772 12 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.2 2.4 0.7 <LOD 1.4 543 55
30/10/2015 8:09:09 #4 3.5 xrf58 Soil 29 28 30 87.29 <LOD 6 <LOD 6 <LOD 1.5 1119 15 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.2 3.1 0.7 <LOD 1.4 582 56
30/10/2015 8:14:34 #5 4 xrf59 Soil 29 28 30 87.32 <LOD 7 <LOD 6 <LOD 1.6 928 13 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 2.5 0.7 <LOD 1.5 498 53
30/10/2015 8:19:31 #6 4 xrf60 Soil 29 28 30 87.32 <LOD 6 <LOD 6 <LOD 1.5 914 13 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 3.5 1.1 3.2 0.7 <LOD 1.4 392 48
30/10/2015 8:21:24 #7 4 xrf61 Soil 29 29 30 87.45 <LOD 6 <LOD 6 <LOD 1.6 866 13 <LOD 7 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 3.2 0.7 <LOD 1.4 346 52
11/11/2015 15:21:06 #142 GW13 0 XRF356 Soil 29 29 30 87.74 49 5 41 3 <LOD 2 12641 72 155 5 <LOD 25 121 2 46 4 154 3 5.8 1.9 <LOD 1.8 439 78
11/11/2015 15:22:51 #143 0 XRF357 Soil 29 29 30 87.77 54 5 46 3 2.2 0.7 12574 73 133 5 <LOD 25 100 2 32 4 161 3 <LOD 5.3 <LOD 1.8 501 77
11/11/2015 15:24:34 #144 0 XRF358 Soil 29 29 30 87.75 46 5 55 3 <LOD 2 13213 74 207 5 <LOD 25 96 2 33 4 178 3 <LOD 5.1 <LOD 1.7 574 79
11/11/2015 15:26:29 #145 0.2 XRF359 Soil 29 29 30 87.82 89 6 61 3 <LOD 2.1 18941 102 248 6 <LOD 26 137 3 53 4 191 4 <LOD 6 <LOD 1.9 611 87
11/11/2015 15:28:26 #146 0.2 XRF360 Soil 29 29 30 87.81 93 6 72 3 <LOD 2.1 18396 100 231 6 <LOD 26 132 3 51 4 184 3 <LOD 6 <LOD 1.9 776 91
11/11/2015 15:30:19 #147 0.2 XRF361 Soil 29 29 30 87.82 81 6 65 3 <LOD 2.1 20332 108 260 6 <LOD 26 140 3 53 4 190 4 <LOD 6 <LOD 1.9 568 88
11/11/2015 15:32:07 #148 0.5 XRF362 Soil 29 29 30 87.84 59 5 55 3 <LOD 2 14018 80 154 5 <LOD 25 175 3 33 4 190 4 <LOD 7 <LOD 1.9 1311 102
11/11/2015 15:33:51 #149 0.5 XRF363 Soil 29 29 30 87.82 58 6 65 3 <LOD 2.1 21073 113 167 6 <LOD 26 200 3 48 4 191 4 <LOD 7 <LOD 2 1277 107
11/11/2015 15:35:34 #150 0.5 XRF364 Soil 29 29 30 87.81 53 6 206 5 2.4 0.7 16737 93 225 6 <LOD 26 195 3 39 4 188 4 <LOD 7 2.5 0.7 1200 102
11/11/2015 15:37:26 #151 0.7 XRF365 Soil 29 29 30 87.79 60 5 43 3 2.5 0.7 13299 76 118 5 <LOD 25 132 3 36 4 118 3 <LOD 6 <LOD 1.8 3585 144
11/11/2015 15:39:18 #152 0.7 XRF366 Soil 29 29 30 87.8 57 5 39 3 3.4 0.7 13690 78 115 5 <LOD 25 118 2 29 4 120 3 <LOD 5.8 <LOD 1.8 3791 152
11/11/2015 15:40:57 #153 0.7 XRF367 Soil 29 29 30 87.8 40 5 33 3 3.2 0.7 11564 68 101 5 <LOD 25 125 2 37 4 105 3 <LOD 5.9 <LOD 1.8 3942 149
11/11/2015 15:42:51 #154 1 XRF368 Soil 29 29 30 87.65 39 4 28 3 <LOD 1.9 6342 44 91 4 <LOD 24 88 2 24 3 69 2 6.6 1.7 2.1 0.6 586 74
11/11/2015 15:44:35 #155 1 XRF369 Soil 29 29 30 87.64 24 4 27 3 <LOD 1.9 6220 43 78 4 <LOD 24 52.4 1.7 22 3 56 2 8.4 1.4 <LOD 1.7 828 80
11/11/2015 15:46:36 #156 1 XRF370 Soil 29 29 30 87.65 34 4 20 3 <LOD 1.8 4935 37 78 4 <LOD 24 50.1 1.7 19 3 57 2 6.4 1.4 <LOD 1.6 562 71
11/11/2015 15:48:24 #157 1.2 XRF371 Soil 29 29 30 87.63 19 4 18 3 <LOD 1.9 4803 36 58 4 <LOD 24 82 2 15 3 63 2 7.2 1.6 <LOD 1.7 504 69
11/11/2015 15:50:04 #158 1.2 XRF372 Soil 29 29 30 87.6 11 4 20 3 <LOD 1.8 5060 37 61 4 <LOD 24 68.3 1.9 14 3 69 2 5.5 1.5 <LOD 1.6 567 71
11/11/2015 15:52:04 #159 1.2 XRF373 Soil 29 29 30 87.66 21 4 21 3 <LOD 1.9 5033 37 37 3 <LOD 24 66.8 1.9 17 3 61 2 8.8 1.5 <LOD 1.7 368 65
11/11/2015 15:54:23 #160 1.4 XRF374 Soil 29 29 30 87.62 <LOD 8 9 2 1.9 0.6 655 12 <LOD 7 <LOD 24 <LOD 3.1 10 3 <LOD 3.6 4.3 0.8 <LOD 1.5 <LOD 121
11/11/2015 15:56:17 #161 1.4 XRF375 Soil 29 29 23 80.97 <LOD 9 8 2 <LOD 1.8 673 12 <LOD 8 <LOD 24 <LOD 3.2 <LOD 8 4.9 1.2 2.8 0.8 <LOD 1.6 <LOD 126
11/11/2015 15:58:02 #162 1.4 XRF376 Soil 29 29 30 87.63 <LOD 7 8 2 <LOD 1.7 954 14 <LOD 7 <LOD 23 <LOD 3.2 <LOD 8 5.1 1.2 2.7 0.8 <LOD 1.5 <LOD 107
11/11/2015 15:59:47 #163 1.4 XRF377 Soil 29 29 30 87.63 <LOD 7 <LOD 6 <LOD 1.7 777 13 <LOD 7 <LOD 23 <LOD 3.2 <LOD 8 4 1.2 <LOD 2.4 <LOD 1.5 <LOD 97
30/10/2015 8:56:07 #14 1.5 xrf68 Soil 29 29 30 87.72 <LOD 10 <LOD 7 <LOD 1.7 6653 43 <LOD 8 <LOD 23 10.4 1.2 <LOD 9 9.9 1.3 5.4 1 <LOD 1.6 169 48
30/10/2015 8:58:01 #15 1.5 xrf69 Soil 29 29 30 87.9 <LOD 10 8 2 <LOD 1.7 6013 41 <LOD 8 <LOD 23 10.4 1.2 <LOD 9 12.2 1.4 5.9 1 <LOD 1.5 <LOD 142
30/10/2015 8:59:49 #16 1.5 xrf70 Soil 29 29 30 87.52 <LOD 10 10 2 <LOD 1.7 8134 49 <LOD 9 <LOD 23 6.1 1.2 <LOD 9 9.4 1.3 6.3 0.9 <LOD 1.5 <LOD 145
30/10/2015 9:02:28 #17 1.7 xrf71 Soil 29 28 30 87.35 11 3 <LOD 6 <LOD 1.6 2653 23 <LOD 7 <LOD 22 5.3 1.1 <LOD 8 4.8 1.1 3 0.8 <LOD 1.5 <LOD 104
30/10/2015 9:04:22 #18 1.7 xrf72 Soil 29 28 30 87.33 <LOD 8 <LOD 6 <LOD 1.6 2623 23 <LOD 7 <LOD 21 5.1 1.1 <LOD 8 3.5 1.1 2.5 0.8 <LOD 1.5 <LOD 105
30/10/2015 9:06:03 #19 1.7 xrf73 Soil 29 29 30 87.51 <LOD 8 <LOD 6 <LOD 1.6 2009 20 <LOD 7 <LOD 22 3.7 1.1 <LOD 8 <LOD 3.3 3 0.8 <LOD 1.5 <LOD 113
30/10/2015 9:08:28 #20 1.9 xrf74 Soil 29 28 30 87.38 <LOD 6 <LOD 6 <LOD 1.6 543 10 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 3.3 1.1 <LOD 2.1 <LOD 1.4 <LOD 90
30/10/2015 9:11:20 #21 1.9 xrf75 Soil 29 29 30 87.47 <LOD 7 <LOD 6 <LOD 1.6 663 12 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 2.5 0.7 <LOD 1.4 <LOD 99
30/10/2015 9:13:17 #22 1.9 xrf76 Soil 29 29 30 87.42 <LOD 7 <LOD 6 <LOD 1.6 559 11 <LOD 6 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.2 3.6 0.7 <LOD 1.4 <LOD 99
30/10/2015 9:15:05 #23 2.9 xrf77 Soil 29 28 30 87.29 <LOD 7 6 2 <LOD 1.5 661 11 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 5.2 1.1 3 0.7 <LOD 1.4 332 44
30/10/2015 9:16:45 #24 2.9 xrf78 Soil 29 28 11 68.11 <LOD 11 <LOD 6 <LOD 1.5 439 10 <LOD 11 <LOD 22 <LOD 2.9 <LOD 8 3.9 1.1 3.3 0.7 <LOD 1.5 228 71
30/10/2015 9:18:05 #25 2.9 xrf79 Soil 29 28 7 64.49 <LOD 14 <LOD 6 <LOD 1.6 654 12 <LOD 13 <LOD 22 <LOD 2.9 <LOD 8 6.8 1.2 3.5 0.7 <LOD 1.5 417 102
30/10/2015 10:20:01 #26 3.5 xrf80 Soil 29 28 16 72.98 <LOD 9 8 2 <LOD 1.6 570 11 <LOD 9 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.2 2.9 0.7 <LOD 1.4 <LOD 150
30/10/2015 10:21:42 #27 3.5 xrf81 Soil 29 28 30 87.23 <LOD 7 <LOD 6 <LOD 1.6 592 11 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 4.8 1.1 3.3 0.7 <LOD 1.4 208 41
30/10/2015 10:23:10 #28 3.5 xrf82 Soil 29 28 4 61.74 <LOD 18 <LOD 6 <LOD 1.6 576 11 <LOD 18 <LOD 22 <LOD 2.9 <LOD 8 4.2 1.1 3.4 0.7 <LOD 1.5 <LOD 280
30/10/2015 10:25:02 #30 3.5 xrf83 Soil 29 28 10 66.83 19 5 6 2 <LOD 1.6 505 10 <LOD 12 <LOD 22 <LOD 2.8 <LOD 8 4.7 1.1 3.4 0.7 <LOD 1.4 <LOD 166
30/10/2015 10:28:02 #31 3.7 xrf84 Soil 29 28 30 87.27 <LOD 7 10 2 <LOD 1.6 971 14 <LOD 7 <LOD 22 <LOD 3 <LOD 8 <LOD 3.4 3.4 0.8 <LOD 1.5 380 48
30/10/2015 10:29:36 #32 3.7 xrf85 Soil 29 29 18 75.06 <LOD 11 <LOD 6 <LOD 1.7 2360 22 <LOD 10 <LOD 22 <LOD 3.2 16 3 6.2 1.2 4.7 0.8 <LOD 1.5 933 87
30/10/2015 10:31:19 #33 3.7 xrf86 Soil 29 28 30 87.31 10 3 9 2 <LOD 1.7 1260 16 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 3.7 1.2 3.9 0.8 <LOD 1.6 362 49
30/10/2015 10:33:11 #34 3.9 xrf87 Soil 29 28 30 87.15 <LOD 6 <LOD 6 <LOD 1.6 1024 14 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 4 1.1 2.8 0.7 <LOD 1.4 450 47
30/10/2015 10:35:13 #35 3.9 xrf88 Soil 29 28 30 87.35 <LOD 7 8 2 <LOD 1.6 881 13 <LOD 7 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 2.4 0.7 <LOD 1.4 491 52
30/10/2015 10:50:41 #36 3.9 xrf89 Soil 29 28 9 66.54 <LOD 11 <LOD 6 <LOD 1.6 1045 14 <LOD 12 <LOD 21 <LOD 3.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.4 444 88
20/10/2015 14:00:00 #83 GW14 0.2 X819 Soil 29 29 30 87.87 94 6 44 3 <LOD 2 21190 109 289 6 <LOD 25 56.8 1.9 47 4 276 4 <LOD 4.4 <LOD 1.7 1255 98
20/10/2015 14:02:47 #84 0.2 X820 Soil 29 29 30 88.05 147 7 37 3 <LOD 2.1 19923 108 370 7 <LOD 26 46.3 1.9 34 4 227 4 4.4 1.5 <LOD 1.9 1220 105
20/10/2015 14:05:14 #85 0.2 X821 Soil 29 29 30 87.95 92 6 85 4 <LOD 2 21000 112 288 6 <LOD 25 68 2 47 4 234 4 <LOD 4.9 <LOD 1.9 959 97
20/10/2015 14:52:00 #105 0.4 X840 Soil 29 29 30 87.97 124 7 59 3 2.3 0.7 25876 135 349 7 <LOD 26 101 2 55 4 309 5 9.2 1.9 <LOD 1.9 1921 124
20/10/2015 14:54:16 #106 0.4 X841 Soil 29 29 30 87.91 65 6 61 3 <LOD 2.1 30075 151 321 7 <LOD 26 83 2 52 4 298 4 10.4 1.8 2.2 0.6 3340 145
20/10/2015 14:56:18 #107 0.4 X842 Soil 29 29 30 87.99 80 6 85 4 <LOD 2 24568 128 320 7 <LOD 26 84 2 40 4 262 4 5.5 1.8 <LOD 1.8 1830 121
20/10/2015 14:07:48 #86 0.6 X822 Soil 29 29 30 87.59 <LOD 9 <LOD 7 <LOD 1.7 2513 24 70 3 <LOD 23 <LOD 3.1 9 3 8.7 1.3 3.5 0.8 <LOD 1.5 269 53
20/10/2015 14:10:41 #87 0.6 X823 Soil 29 29 30 87.57 15 3 9 2 <LOD 1.7 2343 23 60 3 <LOD 24 <LOD 3.2 14 3 6.7 1.2 2.9 0.8 <LOD 1.6 312 56
20/10/2015 14:13:19 #88 0.6 X824 Soil 29 29 30 87.54 19 3 11 2 <LOD 1.7 2822 25 48 3 <LOD 24 <LOD 3.1 13 3 9.4 1.3 3.8 0.8 <LOD 1.6 401 57
20/10/2015 14:15:10 #89 0.8 X825 Soil 29 29 30 87.53 <LOD 8 <LOD 7 <LOD 1.7 629 12 <LOD 7 <LOD 24 <LOD 3.1 11 3 5.4 1.2 3.3 0.8 <LOD 1.5 <LOD 129
20/10/2015 14:16:54 #90 0.8 X826 Soil 29 29 30 87.57 <LOD 8 13 2 <LOD 1.8 732 13 <LOD 7 <LOD 24 <LOD 3.1 <LOD 9 3.7 1.2 3 0.8 <LOD 1.5 182 47
20/10/2015 14:18:41 #91 0.8 X827 Soil 29 29 30 87.59 <LOD 8 12 2 <LOD 1.8 969 15 <LOD 8 <LOD 24 <LOD 3.2 9 3 <LOD 3.6 3.2 0.8 <LOD 1.6 218 52
20/10/2015 14:20:27 #92 1 X828 Soil 29 29 30 87.55 <LOD 9 10 2 <LOD 1.8 843 14 <LOD 8 <LOD 24 <LOD 3 15 3 7.3 1.3 4.5 0.8 <LOD 1.6 <LOD 135
20/10/2015 14:22:16 #93 1 X829 Soil 29 29 30 87.55 <LOD 8 11 2 <LOD 1.7 825 13 <LOD 7 26 8 <LOD 3.1 <LOD 9 4.2 1.2 2.4 0.8 <LOD 1.5 <LOD 133
20/10/2015 14:28:54 #94 1 X830 Soil 29 29 30 87.55 <LOD 8 10 2 <LOD 1.8 628 12 <LOD 7 <LOD 24 <LOD 3 16 3 <LOD 3.6 4.1 0.8 <LOD 1.6 <LOD 134
20/10/2015 14:32:02 #95 1.2 X831 Soil 29 29 30 87.51 <LOD 8 10 2 <LOD 1.6 2296 22 <LOD 8 <LOD 23 <LOD 3 <LOD 8 8.8 1.3 5 0.8 <LOD 1.5 234 49
20/10/2015 14:34:04 #96 1.2 X832 Soil 29 29 57.65 <LOD 17 10 2 <LOD 1.7 1903 20 <LOD 16 <LOD 24 <LOD 3.2 <LOD 9 <LOD 3.6 3.9 0.8 <LOD 1.6 1607 177
20/10/2015 14:35:48 #97 1.2 X832 Soil 29 29 30 87.57 <LOD 9 12 2 <LOD 1.8 1901 21 <LOD 8 <LOD 24 <LOD 3.1 <LOD 9 5 1.2 4.1 0.8 <LOD 1.6 380 57
20/10/2015 14:38:17 #98 1.2 X833 Soil 29 29 30 87.57 <LOD 8 12 2 <LOD 1.7 2077 21 <LOD 8 <LOD 24 <LOD 3.1 9 3 <LOD 3.6 4.3 0.8 <LOD 1.6 401 58
20/10/2015 14:40:02 #99 1.4 X834 Soil 29 29 30 87.55 <LOD 8 10 2 <LOD 1.7 1204 16 <LOD 8 <LOD 24 <LOD 3.1 13 3 5.6 1.2 4.5 0.8 <LOD 1.6 460 61
20/10/2015 14:42:41 #100 1.4 X835 Soil 29 29 30 87.58 22 3 <LOD 7 <LOD 1.7 1350 17 <LOD 7 <LOD 24 <LOD 3 10 3 6.4 1.2 4.1 0.8 <LOD 1.5 316 54
20/10/2015 14:44:27 #101 1.4 X836 Soil 29 29 30 87.54 <LOD 8 12 2 2 0.6 1622 19 <LOD 8 <LOD 24 <LOD 3 <LOD 9 5.8 1.2 4.2 0.8 <LOD 1.6 530 62
10/11/2015 17:07:34 #208 1.5 XRF205 Soil 29 29 30 87.56 <LOD 9 10 2 <LOD 1.7 3356 28 28 3 <LOD 23 <LOD 3.2 <LOD 9 15.5 1.4 4.3 0.8 <LOD 1.5 492 58
10/11/2015 17:11:12 #209 1.5 XRF206 Soil 29 29 30 87.53 <LOD 8 9 2 <LOD 1.7 2549 24 14 3 <LOD 23 <LOD 3.1 <LOD 8 9 1.3 3.2 0.8 <LOD 1.5 594 60
10/11/2015 17:13:03 #210 1.5 XRF207 Soil 29 29 23 80.73 <LOD 9 <LOD 7 <LOD 1.7 2246 22 <LOD 9 26 8 <LOD 3.2 <LOD 8 7.7 1.2 2.8 0.8 <LOD 1.5 363 60
11/11/2015 9:58:49 #2 1.5 XRF217 Soil 29 29 30 87.65 11 3 10 2 <LOD 1.7 2349 23 <LOD 8 <LOD 23 <LOD 3.2 <LOD 9 6.9 1.2 2.9 0.8 <LOD 1.6 721 63
11/11/2015 10:00:34 #3 1.5 XRF218 Soil 29 29 30 87.61 12 3 8 2 <LOD 1.8 3386 28 <LOD 8 <LOD 23 <LOD 3.1 <LOD 9 9.8 1.3 7.9 0.8 <LOD 1.6 1055 76
11/11/2015 10:02:40 #4 1.5 XRF219 Soil 29 29 30 87.68 <LOD 8 <LOD 7 <LOD 1.7 2014 21 12 3 <LOD 23 <LOD 3.1 <LOD 9 5.2 1.2 4 0.8 <LOD 1.5 711 66
10/11/2015 17:14:50 #211 2 XRF208 Soil 29 29 30 87.58 <LOD 7 <LOD 6 <LOD 1.7 266 8 <LOD 8 <LOD 23 <LOD 2.8 <LOD 8 <LOD 3.4 3.8 0.7 <LOD 1.6 <LOD 123
10/11/2015 17:16:27 #212 2 XRF209 Soil 29 29 22 79.18 <LOD 10 7 2 <LOD 1.6 312 9 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 <LOD 2.2 <LOD 1.5 <LOD 139
10/11/2015 17:18:07 #213 2 XRF210 Soil 29 29 30 87.57 13 3 <LOD 6 <LOD 1.6 312 9 <LOD 7 <LOD 23 <LOD 3 <LOD 8 <LOD 3.3 <LOD 2.2 <LOD 1.5 <LOD 125
11/11/2015 10:04:57 #5 2 XRF220 Soil 29 29 30 87.65 <LOD 7 7 2 <LOD 1.7 274 8 10 3 <LOD 23 <LOD 3 <LOD 8 <LOD 3.4 <LOD 2.2 <LOD 1.5 <LOD 126
11/11/2015 10:07:38 #6 2 XRF221 Soil 29 29 30 87.63 <LOD 6 <LOD 6 <LOD 1.6 429 10 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 <LOD 3.5 <LOD 2.3 <LOD 1.5 164 44
11/11/2015 10:09:35 #7 2 XRF222 Soil 29 29 30 87.76 <LOD 6 <LOD 6 <LOD 1.7 389 10 <LOD 6 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 2.7 0.7 <LOD 1.5 218 45
10/11/2015 17:20:02 #214 2.5 XRF211 Soil 29 28 21 78.55 <LOD 9 10 2 <LOD 1.6 1485 17 <LOD 9 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 3.5 0.8 <LOD 1.4 <LOD 129
10/11/2015 17:21:15 #215 2.5 XRF212 Soil 29 28 4 61.86 <LOD 20 7 2 <LOD 1.6 1281 16 <LOD 19 <LOD 22 <LOD 3.1 <LOD 8 <LOD 3.3 3.1 0.8 <LOD 1.5 <LOD 281
10/11/2015 17:22:33 #216 2.5 XRF213 Soil 29 28 10 67.29 <LOD 13 <LOD 6 <LOD 1.6 1872 19 <LOD 13 <LOD 21 <LOD 3.1 <LOD 8 <LOD 3.3 3 0.8 <LOD 1.4 <LOD 189
11/11/2015 10:12:04 #8 2.5 XRF223 Soil 29 29 30 87.42 <LOD 7 8 2 <LOD 1.6 1667 18 16 2 <LOD 22 <LOD 3 <LOD 8 <LOD 3.4 2.4 0.8 <LOD 1.4 <LOD 108
11/11/2015 10:15:36 #9 2.5 XRF224 Soil 29 28 30 87.32 <LOD 7 9 2 <LOD 1.6 2083 21 20 3 <LOD 22 3.3 1.1 <LOD 8 3.9 1.2 <LOD 2.4 <LOD 1.5 <LOD 112
11/11/2015 10:17:36 #10 2.5 XRF225 Soil 29 29 30 87.43 <LOD 7 9 2 <LOD 1.7 1577 18 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 3.5 1.2 3.2 0.8 <LOD 1.5 <LOD 106
10/11/2015 17:23:55 #217 3 XRF214 Soil 29 28 6 63.65 <LOD 16 <LOD 6 <LOD 1.6 1876 19 <LOD 15 <LOD 21 <LOD 3 <LOD 8 5.4 1.1 <LOD 2.2 <LOD 1.4 1135 145
10/11/2015 17:25:16 #218 3 XRF215 Soil 29 28 12 69.79 <LOD 12 <LOD 5.9 <LOD 1.6 1821 19 <LOD 11 <LOD 21 <LOD 3 <LOD 8 8.7 1.2 <LOD 2.2 <LOD 1.4 1204 109
10/11/2015 17:26:56 #219 3 XRF216 Soil 29 28 30 87.1 <LOD 6 6 2 <LOD 1.5 852 13 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 4.4 1.1 <LOD 2.2 <LOD 1.4 555 50
11/11/2015 10:20:37 #11 3 XRF226 Soil 29 29 30 87.59 <LOD 7 <LOD 6 <LOD 1.6 1571 18 <LOD 7 <LOD 22 <LOD 3 <LOD 8 6.4 1.2 3 0.8 <LOD 1.4 1236 73
11/11/2015 10:23:00 #12 3 XRF227 Soil 29 29 30 87.64 <LOD 7 <LOD 6 <LOD 1.5 1215 16 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 5.9 1.2 <LOD 2.3 <LOD 1.4 1244 73
11/11/2015 10:25:50 #13 3 XRF228 Soil 29 29 30 87.62 <LOD 7 <LOD 6 <LOD 1.6 1075 15 <LOD 7 <LOD 22 <LOD 3 <LOD 8 5.3 1.2 2.8 0.7 <LOD 1.5 1454 79
11/11/2015 10:31:06 #14 3.5 XRF229 Soil 29 28 30 87.14 <LOD 7 6 2 <LOD 1.5 974 13 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 432 45
11/11/2015 10:32:52 #15 3.5 XRF230 Soil 29 28 30 87.18 <LOD 7 <LOD 5.9 <LOD 1.5 842 12 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.1 2.6 0.7 <LOD 1.3 563 51
11/11/2015 10:35:18 #16 3.5 XRF231 Soil 29 28 30 87.36 <LOD 7 <LOD 5.9 <LOD 1.5 968 14 <LOD 6 <LOD 21 <LOD 3 <LOD 8 <LOD 3.2 2.3 0.7 <LOD 1.4 584 52
11/11/2015 10:37:52 #17 4 XRF232 Soil 29 28 30 87.3 <LOD 7 <LOD 6 <LOD 1.6 1264 16 <LOD 7 <LOD 21 <LOD 3 <LOD 8 3.6 1.1 <LOD 2.2 <LOD 1.4 526 52
11/11/2015 10:39:33 #18 4 XRF233 Soil 29 28 30 87.38 52 3 <LOD 6 <LOD 1.6 988 14 <LOD 7 <LOD 21 <LOD 3 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 552 51
11/11/2015 10:41:26 #19 4 XRF234 Soil 29 28 30 87.35 <LOD 7 <LOD 6 <LOD 1.6 1093 14 9 2 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.2 <LOD 2.2 <LOD 1.4 548 51
10/11/2015 10:38:30 #68 GW15 0 XRF67 Soil 29 29 30 87.79 39 4 62 3 <LOD 1.9 13232 73 184 5 <LOD 24 91 2 27 4 143 3 5.2 1.7 <LOD 1.7 489 70
10/11/2015 10:40:46 #69 0 XRF68 Soil 29 29 30 87.86 59 5 66 3 <LOD 1.9 18303 98 265 6 <LOD 25 94 2 41 4 166 3 7.6 1.8 <LOD 1.8 444 77
10/11/2015 10:43:25 #70 0 XRF69 Soil 29 29 30 87.76 68 5 52 3 <LOD 1.9 15655 83 208 5 <LOD 24 92 2 27 4 159 3 <LOD 5 <LOD 1.7 394 69
10/11/2015 11:21:50 #72 0 XRF70 Soil 29 29 30 87.77 44 5 53 3 <LOD 1.9 13764 76 213 5 <LOD 25 83 2 32 4 135 3 <LOD 4.9 <LOD 1.7 638 77
10/11/2015 11:23:40 #73 0 XRF71 Soil 29 29 30 87.76 50 5 53 3 <LOD 1.9 12095 70 154 5 <LOD 24 75 2 25 4 126 3 <LOD 4.8 <LOD 1.7 597 76
10/11/2015 11:25:46 #74 0 XRF72 Soil 29 29 30 87.73 70 6 61 3 2.2 0.7 17472 93 239 6 <LOD 25 100 2 32 4 164 3 5.9 1.8 <LOD 1.8 792 88
10/11/2015 11:28:01 #75 0.5 XRF73 Soil 29 29 30 87.68 55 5 16 2 <LOD 1.8 12282 68 68 4 <LOD 24 16.4 1.3 23 3 25.9 1.6 6.1 1.1 <LOD 1.6 510 65
10/11/2015 11:31:32 #76 0.5 XRF74 Soil 29 29 30 87.75 48 4 9 2 <LOD 1.7 11954 65 42 4 <LOD 23 14.6 1.3 14 3 21.9 1.5 4.7 1 <LOD 1.6 542 65
10/11/2015 11:33:22 #77 0.5 XRF75 Soil 29 29 30 87.92 38 5 16 3 <LOD 1.9 18660 99 118 5 <LOD 25 24.9 1.5 24 4 35.4 1.8 10.9 1.3 <LOD 1.7 238 65
10/11/2015 11:35:29 #78 0.8 XRF76 Soil 29 28 30 87.23 46 4 14 2 2 0.6 7707 46 52 3 <LOD 22 7.2 1.1 17 3 11.8 1.3 4.6 0.9 <LOD 1.5 <LOD 138
10/11/2015 11:37:21 #79 0.8 XRF77 Soil 29 28 30 87.23 58 4 16 2 1.8 0.6 9012 52 61 4 <LOD 23 14.9 1.3 16 3 22 1.5 7.5 1 <LOD 1.5 <LOD 135
10/11/2015 11:39:38 #80 0.8 XRF78 Soil 29 28 30 87.25 51 4 18 2 <LOD 1.7 9706 55 90 4 <LOD 23 16.6 1.3 27 3 20 1.5 7 1 <LOD 1.6 <LOD 137
30/10/2015 10:53:12 #37 1.6 xrf90 Soil 29 29 30 87.83 65 6 14 3 <LOD 1.9 24094 120 170 5 <LOD 24 10.5 1.4 31 4 31.6 1.8 6.4 1.1 <LOD 1.6 557 79
30/10/2015 10:55:13 #38 1.6 xrf91 Soil 29 29 30 87.75 65 6 18 3 <LOD 1.9 25476 126 174 5 <LOD 24 8.3 1.3 38 4 34 1.8 6.3 1 <LOD 1.6 525 78
10/11/2015 11:42:25 #81 1.7 XRF79 Soil 29 29 30 87.38 53 4 21 2 <LOD 1.8 12314 66 78 4 <LOD 23 28.9 1.4 30 3 22.4 1.5 5.6 1.1 <LOD 1.6 <LOD 154
10/11/2015 11:44:08 #82 1.7 XRF80 Soil 29 29 30 87.49 31 4 36 3 <LOD 1.8 7405 46 54 3 <LOD 23 29.5 1.5 <LOD 9 16.2 1.4 4 1.1 <LOD 1.6 <LOD 149
10/11/2015 11:51:37 #83 1.7 XRF81 Soil 29 29 30 87.48 72 5 21 3 <LOD 1.8 21342 105 168 5 <LOD 23 23.7 1.5 43 4 35.1 1.8 5.4 1.1 <LOD 1.7 280 64
10/11/2015 11:58:03 #84 1.8 XRF82 Soil 29 28 30 87.02 43 4 7.4 1.9 <LOD 1.4 10386 52 45 3 <LOD 19 18.8 1.2 17 3 29.7 1.4 <LOD 2.6 <LOD 1.4 1277 70
10/11/2015 12:00:53 #85 1.8 XRF83 Soil 29 29 30 87.57 96 6 14 2 <LOD 1.7 20277 96 121 5 <LOD 21 19 1.3 34 3 41.6 1.7 6.7 1.1 <LOD 1.6 2150 108
10/11/2015 12:05:09 #86 1.8 XRF84 Soil 29 29 30 87.54 58 5 14 2 <LOD 1.6 14519 73 72 4 <LOD 21 17.3 1.3 26 3 34.9 1.6 4.1 1 <LOD 1.6 1842 95
30/10/2015 10:57:26 #39 1.8 xrf92 Soil 29 29 30 87.67 63 5 8 2 <LOD 1.8 16088 83 83 4 <LOD 23 12.2 1.3 23 3 32.1 1.7 8.8 1 <LOD 1.5 3014 124
30/10/2015 10:59:23 #40 1.8 xrf93 Soil 29 28 30 87.18 80 6 19 2 <LOD 1.7 20005 95 150 5 31 7 16.6 1.3 43 4 38.8 1.7 7.3 1 <LOD 1.5 1500 95
30/10/2015 11:01:18 #41 1.8 xrf94 Soil 29 28 30 87.19 68 5 17 2 <LOD 1.8 25405 115 150 5 <LOD 21 15.7 1.3 46 4 48.8 1.8 12.8 1.1 <LOD 1.6 4194 134
30/10/2015 11:04:57 #42 2 xrf95 Soil 29 28 30 86.99 52 3 <LOD 5.5 <LOD 1.4 6718 38 32 3 <LOD 18 10 1.1 10 2 16.6 1.2 <LOD 2.3 1.5 0.5 1915 79
30/10/2015 11:08:47 #43 2 xrf96 Soil 29 28 30 87.12 66 4 <LOD 5.7 <LOD 1.4 7950 43 48 3 <LOD 19 17.5 1.2 14 3 16 1.2 <LOD 2.6 <LOD 1.4 1630 79
30/10/2015 11:10:53 #44 2 xrf97 Soil 29 29 30 87.36 42 4 <LOD 5.8 <LOD 1.5 12440 60 40 3 <LOD 19 8.5 1.1 15 3 15.3 1.2 <LOD 2.4 <LOD 1.4 2403 98
10/11/2015 12:10:22 #87 2 XRF85 Soil 29 29 30 87.14 56 4 8 2 <LOD 1.5 10834 55 49 3 <LOD 18 15.6 1.2 13 3 12.4 1.2 <LOD 2.7 <LOD 1.4 1843 80
10/11/2015 12:12:26 #88 2 XRF86 Soil 29 28 30 86.9 75 4 12 2 <LOD 1.5 10114 51 60 3 <LOD 19 10.9 1.1 25 3 26.8 1.4 <LOD 2.5 <LOD 1.4 1777 83
10/11/2015 12:14:12 #89 2 XRF87 Soil 29 28 30 87.21 57 4 7 2 <LOD 1.5 10574 54 58 3 <LOD 19 12.2 1.1 20 3 21 1.3 <LOD 2.5 <LOD 1.4 1797 86
30/10/2015 11:42:11 #45 2.8 xrf98 Soil 29 28 30 87.29 43 4 14 2 <LOD 1.7 11628 62 67 4 <LOD 21 7.4 1.2 26 3 22.9 1.5 7.5 0.9 <LOD 1.5 4600 134
30/10/2015 11:58:42 #46 2.8 xrf99 Soil 29 28 30 87.2 34 3 10 2 <LOD 1.6 6225 39 39 3 <LOD 21 4.1 1.1 17 3 13.6 1.3 4.2 0.8 <LOD 1.5 1538 83
30/10/2015 12:01:51 #47 2.8 xrf100 Soil 29 28 30 87.17 33 4 13 2 <LOD 1.7 7713 45 40 3 23 7 3.5 1.1 22 3 26.4 1.5 5.8 0.8 <LOD 1.5 1961 95
30/10/2015 12:13:12 #48 2.8 xrf101 Soil 29 28 30 87.32 38 4 11 2 <LOD 1.6 8947 50 56 3 <LOD 21 3.8 1.1 21 3 38.4 1.7 7.2 0.9 <LOD 1.5 3010 112
30/10/2015 12:15:52 #49 3.2 xrf102 Soil 29 28 30 87.18 28 3 14 2 <LOD 1.7 6357 40 73 3 <LOD 22 <LOD 3.2 10 3 12 1.3 2.9 0.8 <LOD 1.5 1852 92
30/10/2015 12:18:50 #50 3.2 xrf103 Soil 29 28 30 87.24 19 3 9 2 <LOD 1.7 3990 30 44 3 <LOD 22 <LOD 3.1 <LOD 8 8.9 1.3 2.9 0.8 <LOD 1.5 893 75
30/10/2015 12:21:07 #51 3.2 xrf104 Soil 29 28 30 87.2 23 3 9 2 <LOD 1.7 5497 37 48 3 <LOD 22 <LOD 3.1 10 3 11.7 1.3 2.9 0.8 <LOD 1.5 1465 88
30/10/2015 12:23:02 #52 3.2 xrf105 Soil 29 28 30 87.15 53 4 14 2 <LOD 1.6 8423 48 80 4 <LOD 22 <LOD 3.1 9 3 15.6 1.3 4.6 0.8 <LOD 1.5 2380 106
30/10/2015 12:25:25 #53 3.3 xrf106 Soil 29 28 30 87.05 49 4 13 2 <LOD 1.6 15354 74 118 4 <LOD 21 8.9 1.2 30 3 29.8 1.5 6.2 0.9 <LOD 1.5 5358 141
30/10/2015 12:27:31 #54 3.3 xrf107 Soil 29 28 30 87.06 52 4 12 2 <LOD 1.7 13978 70 113 4 <LOD 22 4.6 1.1 27 3 26.5 1.5 7.1 0.9 <LOD 1.5 4295 133
30/10/2015 12:29:46 #55 3.3 xrf108 Soil 29 28 30 87.17 43 4 11 2 <LOD 1.7 13135 67 105 4 <LOD 21 7.7 1.2 21 3 29.4 1.5 5.4 0.9 <LOD 1.5 4062 128
30/10/2015 12:31:48 #56 3.5 xrf109 Soil 29 28 30 87.1 52 4 10 2 <LOD 1.6 12626 64 99 4 <LOD 21 5.3 1.1 21 3 27.6 1.5 7.3 0.9 <LOD 1.5 4095 128
30/10/2015 12:34:16 #57 3.5 xrf110 Soil 29 28 18 75.1 55 6 16 2 <LOD 1.6 14180 69 119 5 <LOD 21 7.8 1.1 29 3 31.2 1.5 6.3 0.9 <LOD 1.5 4154 162
30/10/2015 12:35:58 #58 3.5 xrf111 Soil 29 28 24 81.36 53 5 12 2 <LOD 1.6 14014 68 109 4 22 7 5.8 1.1 32 3 31 1.5 8.1 0.9 <LOD 1.4 3641 132
30/10/2015 12:37:38 #59 4 xrf112 Soil 29 28 28 85.17 48 5 14 2 <LOD 1.7 13326 69 93 4 <LOD 22 6 1.2 28 3 28.7 1.6 7.3 0.9 <LOD 1.5 3769 131
30/10/2015 12:40:29 #61 4 xrf113 Soil 29 28 26 83.34 56 5 14 2 <LOD 1.7 11706 61 94 4 <LOD 21 6 1.1 26 3 29.2 1.5 7.6 0.9 <LOD 1.5 3576 130
30/10/2015 12:42:11 #62 4 xrf114 Soil 29 28 30 87.19 59 4 14 2 <LOD 1.6 14951 74 110 4 <LOD 21 10.6 1.2 26 3 37.5 1.6 8.1 1 <LOD 1.5 4907 136
30/10/2015 12:44:03 #63 4.5 xrf115 Soil 29 28 30 86.94 68 5 15 2 <LOD 1.7 17863 83 109 4 <LOD 21 11.1 1.2 36 3 38.1 1.6 7.4 0.9 <LOD 1.5 5125 139
30/10/2015 12:45:50 #64 4.5 xrf116 Soil 29 28 30 87.25 58 5 16 2 <LOD 1.7 18112 86 108 4 <LOD 21 10 1.2 34 3 39 1.7 8.2 1 <LOD 1.5 5334 147
30/10/2015 12:48:00 #65 4.5 xrf117 Soil 29 28 30 87.14 68 5 14 2 <LOD 1.7 17998 85 115 4 <LOD 21 9.1 1.2 31 3 39.6 1.7 8.3 0.9 <LOD 1.5 5469 147
30/10/2015 12:50:42 #66 5.2 xrf118 Soil 29 29 30 87.47 73 5 9 2 <LOD 1.6 17803 86 96 4 <LOD 21 9.7 1.2 19 3 38.3 1.7 7.5 1 <LOD 1.5 4448 141
30/10/2015 12:52:42 #67 5.2 xrf119 Soil 29 29 30 87.31 75 5 10 2 <LOD 1.6 18772 89 104 4 <LOD 21 9.4 1.2 32 3 40.4 1.7 9.4 1 <LOD 1.5 5275 148
30/10/2015 12:54:26 #68 5.2 xrf120 Soil 29 28 30 87.15 82 5 15 2 <LOD 1.7 21413 98 102 4 <LOD 21 12.5 1.2 38 3 42.1 1.7 10.2 1 2.1 0.5 5723 151
10/11/2015 12:19:10 #91 GW16 0 XRF88 Soil 29 29 30 87.85 105 7 127 4 <LOD 2.1 31531 155 370 7 <LOD 25 242 3 78 5 379 5 8 3 <LOD 1.9 986 97
10/11/2015 12:21:12 #92 0 XRF89 Soil 29 29 30 87.9 106 7 141 4 <LOD 2.2 36272 178 373 8 <LOD 25 275 4 77 5 409 5 <LOD 8 <LOD 2 991 100
10/11/2015 12:22:55 #93 0 XRF90 Soil 29 29 30 87.92 156 8 157 4 2.3 0.8 40759 201 408 8 <LOD 26 292 4 77 5 451 6 16 3 <LOD 2.1 1238 112
10/11/2015 12:26:37 #94 0 XRF91 Soil 29 29 30 87.76 112 7 156 4 2.6 0.7 37521 183 397 8 <LOD 25 275 4 88 5 414 5 <LOD 8 <LOD 2 905 99
10/11/2015 12:29:46 #95 0 XRF92 Soil 29 29 30 87.75 132 7 156 4 <LOD 2.1 32813 162 398 8 <LOD 26 262 4 70 5 403 5 12 3 <LOD 2 749 95
10/11/2015 12:31:33 #96 0 XRF93 Soil 29 29 30 87.74 115 7 147 4 3.1 0.7 32271 158 396 8 <LOD 25 297 4 80 5 422 5 <LOD 9 <LOD 2 1000 98
10/11/2015 12:33:32 #97 0.3 XRF94 Soil 29 29 30 87.88 47 5 28 3 <LOD 1.9 14996 82 200 5 <LOD 25 62.9 1.9 34 4 127 3 6.4 1.5 <LOD 1.7 438 70
10/11/2015 12:35:12 #98 0.3 XRF95 Soil 29 29 30 87.64 43 5 33 3 <LOD 1.9 15869 84 183 5 <LOD 24 50.7 1.7 34 4 130 3 5.8 1.4 <LOD 1.7 294 65
10/11/2015 12:37:20 #99 0.3 XRF96 Soil 29 29 30 87.79 61 5 34 3 <LOD 2 18167 96 151 5 <LOD 24 48 1.8 42 4 132 3 6.7 1.4 <LOD 1.8 276 65
10/11/2015 12:39:49 #100 0.3 XRF97 Soil 29 29 30 87.75 53 5 42 3 2.6 0.7 17461 93 165 5 <LOD 25 80 2 41 4 144 3 5 1.6 <LOD 1.8 340 71
10/11/2015 12:41:30 #101 0.3 XRF98 Soil 29 29 30 87.73 47 5 39 3 <LOD 2 15235 84 129 5 <LOD 25 63.4 2 50 4 126 3 <LOD 4.6 2 0.6 337 74
10/11/2015 12:43:14 #102 0.3 XRF99 Soil 29 29 30 87.7 56 5 43 3 <LOD 2 16110 87 381 7 <LOD 25 79 2 41 4 141 3 <LOD 4.9 <LOD 1.8 450 75
10/11/2015 12:46:20 #103 0.5 XRF100 Soil 29 29 30 87.82 55 5 26 3 <LOD 2 22491 115 265 6 <LOD 25 40.1 1.7 45 4 127 3 10.6 1.4 <LOD 1.8 229 66
10/11/2015 12:49:08 #104 0.5 XRF101 Soil 29 29 30 87.76 89 6 25 3 2.7 0.7 23045 118 201 6 <LOD 25 34 1.7 40 4 126 3 8.7 1.3 <LOD 1.7 <LOD 216
10/11/2015 12:51:02 #105 0.5 XRF102 Soil 29 29 30 87.67 57 5 19 3 <LOD 1.8 15756 84 142 5 <LOD 24 27 1.5 33 4 91 2 6.1 1.2 <LOD 1.7 <LOD 183
10/11/2015 12:53:31 #106 0.5 XRF103 Soil 29 29 30 87.74 47 5 43 3 <LOD 1.9 15243 84 215 6 <LOD 25 75 2 45 4 121 3 <LOD 4.8 <LOD 1.7 <LOD 194
10/11/2015 12:55:35 #107 0.5 XRF104 Soil 29 29 30 87.69 45 5 27 3 <LOD 2 15017 83 157 5 <LOD 25 59.7 1.9 45 4 121 3 <LOD 4.5 <LOD 1.7 <LOD 180
10/11/2015 12:57:19 #108 0.5 XRF105 Soil 29 29 30 87.68 60 5 31 3 <LOD 1.9 17631 93 228 6 <LOD 25 62.4 1.9 54 4 135 3 5.2 1.5 <LOD 1.7 238 67
10/11/2015 12:59:06 #109 0.6 XRF106 Soil 29 29 30 87.79 80 6 92 4 <LOD 2 21946 112 240 6 <LOD 24 93 2 61 4 158 3 5.8 1.8 <LOD 1.8 721 82
10/11/2015 13:01:04 #110 0.6 XRF107 Soil 29 29 30 87.93 102 6 92 4 2.2 0.7 24981 131 261 6 <LOD 25 94 2 70 5 177 4 9.2 1.9 <LOD 2 813 88
10/11/2015 13:03:51 #111 0.6 XRF108 Soil 29 29 30 87.85 102 7 93 4 3.3 0.7 32672 165 365 7 <LOD 26 91 2 91 5 174 4 8.5 1.9 2.2 0.7 698 89
10/11/2015 13:06:53 #112 0.8 XRF109 Soil 29 29 30 87.94 111 7 148 4 3.9 0.8 36230 183 417 8 <LOD 26 231 3 129 6 280 4 15 3 <LOD 2.1 961 103
10/11/2015 13:08:34 #113 0.8 XRF110 Soil 29 29 30 87.87 103 7 159 4 5.9 0.8 31399 157 341 7 <LOD 25 353 4 124 5 232 4 31 3 <LOD 2.1 1034 95
10/11/2015 13:10:20 #114 0.8 XRF111 Soil 29 29 30 87.88 125 8 119 4 5.4 0.8 35268 179 420 8 <LOD 26 182 3 116 5 225 4 13 2 2.2 0.7 813 103
10/11/2015 13:12:43 #115 0.8 XRF112 Soil 29 29 30 87.83 132 7 148 4 5.3 0.8 33153 168 375 8 <LOD 26 244 4 120 5 231 4 9 3 2.8 0.7 880 100
10/11/2015 13:15:06 #116 0.8 XRF113 Soil 29 29 30 87.82 132 8 128 4 5.4 0.8 33189 169 407 8 <LOD 26 241 4 123 5 226 4 <LOD 8 <LOD 2.1 1068 106
10/11/2015 13:16:58 #117 0.8 XRF114 Soil 29 29 30 87.85 124 7 148 4 3.9 0.8 35544 178 413 8 <LOD 26 227 3 108 5 213 4 14 3 <LOD 2.1 833 98
10/11/2015 13:18:51 #118 1 XRF115 Soil 29 29 30 87.79 48 5 84 3 2 0.6 12959 73 135 5 <LOD 24 78 2 28 4 278 4 <LOD 4.8 <LOD 1.8 2604 117
10/11/2015 13:21:02 #119 1 XRF116 Soil 29 29 30 87.78 59 5 53 3 <LOD 2 17247 91 166 5 <LOD 25 98 2 40 4 416 5 10.4 1.8 <LOD 1.8 3036 127
10/11/2015 13:22:54 #120 1 XRF117 Soil 29 29 30 87.68 67 5 49 3 2.4 0.7 20061 101 202 5 <LOD 24 77 2 43 4 310 4 10.6 1.6 <LOD 1.7 2933 125
10/11/2015 13:24:52 #121 1.2 XRF118 Soil 29 29 30 87.69 53 5 15 2 <LOD 1.9 11485 65 57 4 <LOD 24 14.4 1.3 19 3 262 4 10.6 1.1 <LOD 1.6 1903 106
10/11/2015 13:26:34 #122 1.2 XRF119 Soil 29 29 30 87.59 48 5 61 3 <LOD 2 17214 91 58 4 <LOD 25 38 1.7 36 4 324 4 9.6 1.3 1.9 0.6 3637 136
10/11/2015 13:28:14 #123 1.2 XRF120 Soil 29 29 30 87.74 44 5 15 2 <LOD 1.8 9931 58 35 4 <LOD 24 17 1.4 17 3 255 4 6.9 1.1 <LOD 1.6 1521 94
10/11/2015 13:30:29 #124 1.2 XRF121 Soil 29 29 30 87.65 44 5 17 3 <LOD 1.9 12115 68 55 4 <LOD 24 15.2 1.3 17 3 337 4 9.8 1.1 <LOD 1.6 1871 104
10/11/2015 13:32:10 #125 1.2 XRF122 Soil 29 29 30 87.68 52 5 27 3 <LOD 1.9 13771 76 49 4 <LOD 24 22.1 1.4 29 4 366 5 9.8 1.2 <LOD 1.7 3400 134
10/11/2015 13:33:52 #126 1.2 XRF123 Soil 29 29 30 87.61 62 5 21 3 <LOD 1.9 15670 83 105 5 <LOD 24 19.8 1.4 30 4 396 5 13.2 1.2 <LOD 1.6 2590 119
10/11/2015 13:36:13 #127 1.4 XRF124 Soil 29 29 30 87.92 50 5 <LOD 7 <LOD 1.8 15094 80 13 4 <LOD 23 <LOD 3.5 13 3 30.7 1.7 9.5 1 <LOD 1.6 193 59
10/11/2015 13:38:15 #128 1.4 XRF125 Soil 29 29 30 87.8 61 5 11 2 <LOD 1.8 15771 82 26 4 <LOD 23 5.2 1.2 18 3 30.3 1.7 8.3 1 <LOD 1.6 325 63
10/11/2015 13:39:58 #129 1.4 XRF126 Soil 29 29 30 88.11 44 5 <LOD 7 <LOD 1.8 13214 75 <LOD 12 <LOD 24 <LOD 3.6 12 3 24 1.6 9.7 1 <LOD 1.6 <LOD 199
10/11/2015 13:42:38 #130 2 XRF127 Soil 29 29 30 87.65 59 5 8 2 <LOD 1.7 12026 65 15 3 <LOD 23 <LOD 3.4 18 3 15.2 1.4 4.5 0.9 <LOD 1.5 275 57
10/11/2015 13:44:55 #131 2 XRF128 Soil 29 29 30 87.69 55 5 10 2 <LOD 1.7 12297 66 11 3 <LOD 22 <LOD 3.3 <LOD 9 16.2 1.4 4.2 0.8 <LOD 1.5 318 60
10/11/2015 13:46:52 #132 2 XRF129 Soil 29 29 30 87.54 41 4 <LOD 7 <LOD 1.7 11755 64 <LOD 10 <LOD 23 <LOD 3.3 17 3 14.6 1.4 3.1 0.8 <LOD 1.5 229 56
10/11/2015 13:49:03 #133 2.5 XRF130 Soil 29 28 30 87.25 9 2 <LOD 6 <LOD 1.6 966 14 <LOD 7 <LOD 22 <LOD 3 <LOD 7 14.6 1.3 3.5 0.8 2.2 0.5 <LOD 98
10/11/2015 13:51:07 #134 2.5 XRF131 Soil 29 29 30 87.42 8 2 <LOD 5.9 <LOD 1.6 1346 16 <LOD 6 <LOD 21 3.3 1 <LOD 8 6.4 1.1 2.4 0.8 <LOD 1.4 <LOD 105
10/11/2015 13:53:01 #135 2.5 XRF132 Soil 29 28 30 87.26 18 3 10 2 <LOD 1.6 2265 21 <LOD 7 <LOD 21 4.8 1.1 9 3 9.2 1.2 <LOD 2.4 <LOD 1.5 <LOD 106
10/11/2015 13:58:50 #136 3 XRF133 Soil 29 29 30 87.51 <LOD 8 <LOD 6 <LOD 1.6 2490 23 <LOD 7 <LOD 21 <LOD 3.1 <LOD 8 8 1.2 <LOD 2.4 <LOD 1.5 1029 67
10/11/2015 14:00:53 #137 3 XRF134 Soil 29 28 30 87.35 <LOD 7 <LOD 6 <LOD 1.6 2295 21 <LOD 6 <LOD 21 <LOD 3 <LOD 8 7.3 1.2 3.8 0.8 <LOD 1.4 941 63
10/11/2015 14:03:00 #138 3 XRF135 Soil 29 29 30 87.44 <LOD 8 <LOD 6 <LOD 1.6 2853 24 <LOD 7 <LOD 21 <LOD 3.2 11 3 12.1 1.3 3.8 0.8 <LOD 1.5 856 61
10/11/2015 14:05:39 #139 3.5 XRF136 Soil 29 29 30 87.45 <LOD 7 <LOD 6 <LOD 1.6 861 13 <LOD 6 <LOD 22 <LOD 2.9 <LOD 8 5.2 1.1 3.2 0.7 <LOD 1.4 477 52
10/11/2015 14:09:38 #140 3.5 XRF137 Soil 29 28 30 87.3 <LOD 7 <LOD 5.9 <LOD 1.5 1247 15 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 634 52
10/11/2015 14:13:57 #141 3.5 XRF138 Soil 29 28 30 87.35 <LOD 7 <LOD 6 <LOD 1.5 1201 15 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.2 3.5 0.7 <LOD 1.4 686 55
10/11/2015 14:16:07 #142 4 XRF139 Soil 29 28 30 87.26 8 2 <LOD 5.8 <LOD 1.5 976 13 <LOD 7 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.2 <LOD 2.2 <LOD 1.4 600 53
10/11/2015 14:18:01 #143 4 XRF140 Soil 29 29 30 87.54 8 2 <LOD 5.9 <LOD 1.6 1506 17 <LOD 7 <LOD 21 <LOD 3.1 <LOD 8 4.7 1.1 <LOD 2.2 <LOD 1.4 872 62
10/11/2015 14:19:49 #144 4 XRF141 Soil 29 28 30 87.27 <LOD 7 <LOD 6 <LOD 1.6 1337 16 <LOD 7 <LOD 21 <LOD 2.9 <LOD 8 5.4 1.1 2.5 0.7 <LOD 1.4 862 60
19/10/2015 12:58:43 #81 GW17 0.2 X648 Soil 29 29 30 88.29 165 11 58 4 2.7 0.9 77271 424 924 15 <LOD 31 26 2 131 7 96 3 5.3 1.6 <LOD 2.3 <LOD 372
19/10/2015 13:01:02 #82 0.2 X649 Soil 29 29 30 88.49 165 11 37 4 <LOD 2.5 65088 357 827 15 <LOD 31 17.1 2 109 7 83 3 8.3 1.5 <LOD 2.2 <LOD 397
19/10/2015 13:04:14 #83 0.2 X650 Soil 29 29 12 70.62 182 19 36 4 4.6 1 75046 425 954 26 <LOD 32 9.4 2 123 7 88 3 12.9 1.6 <LOD 2.2 <LOD 687
19/10/2015 13:05:58 #84 0.4 X651 Soil 29 29 30 87.74 15 4 10 2 <LOD 1.8 11145 63 87 4 <LOD 23 <LOD 3.4 13 3 14.1 1.4 4.9 0.9 <LOD 1.5 <LOD 160
19/10/2015 13:08:32 #85 0.4 X652 Soil 29 29 30 87.68 31 4 8 2 <LOD 1.8 9269 55 88 4 <LOD 23 6.1 1.2 17 3 13.4 1.4 3.1 0.9 <LOD 1.6 <LOD 168
19/10/2015 13:10:22 #86 0.4 X653 Soil 29 29 30 87.74 37 4 12 2 <LOD 1.7 10518 60 88 4 <LOD 23 5.1 1.2 15 3 13.6 1.4 4.9 0.9 <LOD 1.6 <LOD 171
19/10/2015 13:12:16 #87 0.6 X654 Soil 29 29 30 87.67 60 5 <LOD 7 <LOD 1.7 20776 103 13 4 <LOD 23 6 1.2 19 3 13.3 1.4 11.4 1 <LOD 1.6 191 62
19/10/2015 13:15:11 #88 0.6 X655 Soil 29 29 30 87.88 56 6 <LOD 7 <LOD 1.8 19759 100 36 4 <LOD 23 4.4 1.2 17 3 12.5 1.4 8.5 1 <LOD 1.6 <LOD 191
19/10/2015 13:17:05 #89 0.6 X656 Soil 29 29 30 87.82 62 5 <LOD 7 <LOD 1.8 15386 82 20 4 <LOD 23 <LOD 3.5 19 3 15.1 1.5 8.7 0.9 <LOD 1.6 <LOD 178
10/11/2015 9:38:23 #44 0.6 XRF43 Soil 29 29 30 87.5 39 4 15 2 <LOD 1.7 9239 53 60 3 <LOD 23 4.8 1.1 14 3 13.1 1.3 3.9 0.9 <LOD 1.5 250 53
10/11/2015 9:40:49 #45 0.6 XRF44 Soil 29 29 30 87.78 37 4 7 2 <LOD 1.7 7142 46 29 3 25 8 <LOD 3.3 <LOD 9 10.6 1.3 3.1 0.8 <LOD 1.5 187 55
10/11/2015 9:43:08 #46 0.6 XRF45 Soil 29 29 30 87.38 60 5 12 2 <LOD 1.7 12135 64 62 4 <LOD 22 7.6 1.2 24 3 18.3 1.4 5.3 0.9 <LOD 1.6 199 54
19/10/2015 13:18:56 #90 0.8 X657 Soil 29 29 30 87.57 19 4 <LOD 7 <LOD 1.7 5919 39 <LOD 9 <LOD 23 <LOD 3.1 <LOD 9 4.1 1.2 3.4 0.8 <LOD 1.5 <LOD 133
19/10/2015 13:20:49 #91 0.8 X658 Soil 29 29 30 87.71 24 4 8 2 <LOD 1.7 6149 41 <LOD 9 <LOD 23 <LOD 3.1 11 3 4 1.2 4.7 0.8 <LOD 1.5 <LOD 150
19/10/2015 13:23:17 #92 0.8 X659 Soil 29 29 30 87.74 18 4 <LOD 6 <LOD 1.7 6351 42 15 3 <LOD 23 <LOD 3.2 10 3 5.8 1.2 2.6 0.8 <LOD 1.5 174 49
19/10/2015 13:25:18 #93 1 X660 Soil 29 29 30 87.64 10 3 <LOD 6 <LOD 1.7 5392 37 <LOD 8 <LOD 23 <LOD 3.1 <LOD 9 5.8 1.2 3 0.8 <LOD 1.5 <LOD 124
19/10/2015 13:27:35 #94 1 X661 Soil 29 29 30 87.62 <LOD 9 <LOD 6 <LOD 1.7 4072 31 <LOD 8 <LOD 23 <LOD 3 <LOD 8 5.5 1.2 3.8 0.8 <LOD 1.5 <LOD 133
19/10/2015 13:29:49 #95 1 X662 Soil 29 29 30 87.65 <LOD 9 <LOD 6 <LOD 1.6 3667 29 <LOD 8 <LOD 23 <LOD 3 <LOD 8 4.8 1.2 4 0.8 <LOD 1.4 144 46
19/10/2015 13:32:50 #97 1.2 X663 Soil 29 29 30 87.8 20 4 <LOD 7 <LOD 1.7 8798 52 <LOD 9 <LOD 23 <LOD 3.3 <LOD 9 7.3 1.3 <LOD 2.5 <LOD 1.5 <LOD 151
19/10/2015 13:36:20 #100 1.2 X664 Soil 29 29 30 87.68 24 4 <LOD 6 <LOD 1.7 9467 55 <LOD 9 23 7 <LOD 3.2 9 3 5.7 1.2 6.1 0.8 <LOD 1.5 <LOD 147
19/10/2015 13:38:21 #101 1.2 X665 Soil 29 29 30 88.25 32 4 <LOD 7 <LOD 1.7 9440 58 <LOD 10 <LOD 24 <LOD 3.5 <LOD 9 4.9 1.3 4.2 0.9 <LOD 1.6 <LOD 167
19/10/2015 13:40:25 #102 1.4 X666 Soil 29 29 30 87.78 48 4 <LOD 7 <LOD 1.6 6369 42 <LOD 9 <LOD 22 4.2 1.1 <LOD 9 9.6 1.3 <LOD 2.5 <LOD 1.5 <LOD 141
19/10/2015 13:42:30 #103 1.4 X667 Soil 29 29 30 87.75 50 5 <LOD 7 <LOD 1.7 11881 65 12 3 <LOD 23 <LOD 3.3 16 3 8.2 1.3 7.7 0.9 <LOD 1.6 216 57
19/10/2015 13:44:42 #104 1.4 X668 Soil 29 29 30 87.89 45 4 <LOD 7 <LOD 1.6 6605 43 <LOD 9 <LOD 23 <LOD 3.3 <LOD 9 6.7 1.3 4.2 0.8 <LOD 1.5 229 56
10/11/2015 9:46:11 #47 1.5 XRF46 Soil 29 29 30 87.41 27 4 9 2 <LOD 1.7 7352 45 <LOD 9 <LOD 22 <LOD 3.2 10 3 7.4 1.2 5.5 0.8 <LOD 1.6 202 51
10/11/2015 9:50:28 #48 1.5 XRF47 Soil 29 29 30 87.58 25 4 <LOD 7 <LOD 1.6 6760 43 <LOD 9 <LOD 23 <LOD 3.2 10 3 10.7 1.3 4.7 0.8 <LOD 1.5 <LOD 134
10/11/2015 9:52:43 #49 1.5 XRF48 Soil 29 29 30 87.86 49 4 <LOD 6 <LOD 1.7 7732 48 11 3 <LOD 23 <LOD 3.3 9 3 10.8 1.3 4.1 0.8 <LOD 1.6 165 54
10/11/2015 9:54:37 #50 1.6 XRF49 Soil 29 29 30 87.84 26 4 <LOD 7 <LOD 1.7 8473 51 19 3 <LOD 23 7.1 1.2 45 4 48.2 1.9 5.6 0.9 <LOD 1.5 217 53
10/11/2015 9:57:01 #51 1.6 XRF50 Soil 29 29 30 87.54 20 4 8 2 <LOD 1.7 8464 51 47 4 <LOD 23 <LOD 3.3 23 3 16.2 1.4 6.6 0.9 <LOD 1.5 <LOD 154
10/11/2015 9:58:57 #52 1.6 XRF51 Soil 29 29 30 87.62 23 4 9 2 <LOD 1.7 8149 49 36 3 <LOD 23 15.8 1.3 48 4 39 1.7 <LOD 3 <LOD 1.5 <LOD 152
10/11/2015 10:00:42 #53 1.8 XRF52 Soil 29 29 30 87.69 <LOD 10 15 2 <LOD 1.9 6434 44 127 4 <LOD 24 6.9 1.2 27 3 13.8 1.4 5.4 1 <LOD 1.7 <LOD 144
10/11/2015 10:03:31 #54 1.8 XRF53 Soil 29 29 30 87.76 <LOD 9 <LOD 7 <LOD 1.7 5754 39 49 3 <LOD 23 7.1 1.2 14 3 9.3 1.3 4.5 0.9 <LOD 1.6 <LOD 130
10/11/2015 10:05:10 #55 1.8 XRF54 Soil 29 29 30 87.84 48 4 <LOD 7 <LOD 1.8 5063 36 27 3 <LOD 23 6.6 1.2 14 3 11.2 1.3 3.1 0.9 <LOD 1.6 <LOD 123
10/11/2015 10:07:11 #56 2.2 XRF55 Soil 29 28 30 87.14 42 4 9 2 <LOD 1.6 8605 49 34 3 <LOD 22 4.3 1.1 24 3 30.3 1.5 8.5 0.9 <LOD 1.5 3174 107
10/11/2015 10:09:16 #57 2.2 XRF56 Soil 29 28 30 87.2 29 3 11 2 2 0.6 5210 35 30 3 <LOD 22 3.5 1.1 13 3 17.9 1.4 8.3 0.9 <LOD 1.5 2092 89
10/11/2015 10:11:15 #58 2.2 XRF57 Soil 29 28 30 87.22 23 3 7 2 <LOD 1.7 4536 32 19 3 <LOD 22 <LOD 3.2 13 3 13.6 1.3 7 0.8 <LOD 1.5 2015 89
10/11/2015 10:14:13 #59 2.4 XRF58 Soil 29 28 30 87.16 62 4 12 2 <LOD 1.7 11490 61 43 3 <LOD 22 4.1 1.1 26 3 24.2 1.5 11.5 0.9 <LOD 1.5 2816 106
10/11/2015 10:15:55 #60 2.4 XRF59 Soil 29 28 30 87.27 75 4 7 2 <LOD 1.7 5666 37 34 3 <LOD 22 <LOD 3.1 9 3 15.1 1.3 7.7 0.8 <LOD 1.5 2230 93
10/11/2015 10:17:37 #61 2.4 XRF60 Soil 29 28 30 87.2 51 4 9 2 <LOD 1.7 12102 63 51 3 <LOD 22 5.1 1.1 24 3 21 1.4 11.2 0.9 <LOD 1.5 3698 120
10/11/2015 10:19:32 #62 2.6 XRF61 Soil 29 28 30 87.31 <LOD 7 <LOD 6 1.9 0.6 1610 18 8 2 <LOD 21 <LOD 3 <LOD 8 3.6 1.1 3.9 0.8 <LOD 1.5 751 56
10/11/2015 10:21:59 #63 2.6 XRF62 Soil 29 29 30 87.41 <LOD 7 <LOD 6 <LOD 1.5 1476 17 <LOD 7 <LOD 22 <LOD 3 <LOD 8 4.8 1.1 <LOD 2.2 <LOD 1.5 734 58
10/11/2015 10:23:42 #64 2.6 XRF63 Soil 29 29 30 87.45 <LOD 7 <LOD 6 <LOD 1.6 1220 15 8 2 <LOD 21 <LOD 3.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.5 784 58
10/11/2015 10:26:09 #65 2.9 XRF64 Soil 29 28 30 87.23 <LOD 7 7 2 <LOD 1.6 683 12 <LOD 6 <LOD 22 <LOD 3 <LOD 8 <LOD 3.2 2.3 0.7 <LOD 1.4 351 45
10/11/2015 10:28:00 #66 2.9 XRF65 Soil 29 28 30 87.18 <LOD 7 12 2 <LOD 1.6 654 11 <LOD 6 <LOD 22 <LOD 3 <LOD 8 <LOD 3.3 3.3 0.8 <LOD 1.5 394 47
10/11/2015 10:30:28 #67 2.9 XRF66 Soil 29 28 30 87.32 <LOD 6 <LOD 5.9 <LOD 1.6 670 11 <LOD 6 <LOD 21 <LOD 3 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 267 41
16/10/2015 10:45:45 #42 GW18 0.1 X527 Soil 29 29 12 70.7 142 11 48 3 <LOD 2.1 28574 145 311 11 <LOD 25 147 3 36 4 437 5 22 2 <LOD 1.9 998 161
16/10/2015 10:47:25 #43 0.1 X528 Soil 29 29 30 87.89 67 6 39 3 <LOD 2 21874 113 277 6 <LOD 24 60.5 1.9 38 4 361 5 13.2 1.6 <LOD 1.8 759 91
16/10/2015 10:49:08 #44 0.1 X529 Soil 29 29 22 79.99 85 8 46 3 <LOD 2 27976 142 378 9 <LOD 25 69 2 45 4 530 6 9 1.7 <LOD 1.9 730 112
16/10/2015 10:50:57 #45 0.3 X530 Soil 29 29 30 88.08 90 7 46 3 <LOD 2.1 34185 171 388 8 <LOD 25 72 2 49 5 372 5 10.9 1.7 <LOD 1.9 883 100
16/10/2015 10:53:34 #46 0.3 X531 Soil 29 29 30 88.09 69 6 45 3 <LOD 2.1 28673 148 337 7 <LOD 26 87 2 50 4 305 5 15.9 1.9 2.2 0.7 831 100
16/10/2015 10:55:15 #47 0.3 X532 Soil 29 29 30 87.87 75 6 56 3 <LOD 2.1 27129 137 303 7 <LOD 25 78 2 61 4 382 5 13 1.7 <LOD 1.8 931 97
16/10/2015 10:57:01 #48 0.5 X533 Soil 29 29 30 88.18 73 8 62 4 <LOD 2.4 54969 279 559 10 <LOD 28 69 2 95 6 180 4 7.5 1.8 <LOD 2.1 <LOD 340
16/10/2015 10:59:30 #49 0.5 X534 Soil 29 29 30 88.28 71 8 137 5 <LOD 2.2 40697 211 403 9 <LOD 27 206 3 61 5 235 4 13 3 <LOD 2.1 635 113
16/10/2015 11:01:28 #50 0.5 X535 Soil 29 29 20 77.99 85 9 54 3 <LOD 2.1 36742 183 450 11 <LOD 26 115 3 54 5 229 4 6 2 <LOD 1.9 512 125
16/10/2015 11:02:54 #51 0.7 X536 Soil 29 29 11 69.51 124 13 40 3 <LOD 2.2 44444 225 682 18 <LOD 28 22.7 1.7 83 5 113 3 9.9 1.4 <LOD 2 554 182
16/10/2015 11:04:14 #52 0.7 X537 Soil 29 29 7 65.44 73 17 46 4 <LOD 2.4 52372 275 553 22 <LOD 29 62 2 79 6 151 4 11.7 1.9 <LOD 2 <LOD 759
16/10/2015 11:05:56 #53 0.7 X538 Soil 29 29 30 88.36 97 9 47 4 3 0.9 61833 334 674 12 <LOD 30 18.6 1.9 106 6 129 4 11.3 1.5 2.8 0.8 <LOD 374
16/10/2015 11:12:01 #54 0.9 X539 Soil 29 29 30 87.89 50 5 33 3 <LOD 2 17401 93 469 8 <LOD 25 86 2 35 4 106 3 5.3 1.7 <LOD 1.7 406 83
16/10/2015 11:13:43 #55 0.9 X540 Soil 29 29 30 87.63 69 6 31 3 2.4 0.7 20634 103 136 5 <LOD 24 106 2 31 4 101 3 8.6 1.8 <LOD 1.8 1051 89
16/10/2015 11:15:39 #56 0.9 X541 Soil 29 29 6 64.35 60 11 34 3 <LOD 1.9 16538 87 106 10 <LOD 24 84 2 29 4 80 2 6.8 1.7 <LOD 1.8 646 167
16/10/2015 11:55:13 #75 1.1 X560 Soil 29 29 30 87.88 61 5 14 3 <LOD 1.8 15091 81 61 4 <LOD 24 14.2 1.4 20 3 29.7 1.7 5.9 1.1 <LOD 1.6 <LOD 172
16/10/2015 11:58:01 #76 1.1 X561 Soil 29 29 30 87.9 77 5 12 3 <LOD 1.9 11385 66 57 4 <LOD 24 14.3 1.4 17 3 27.8 1.7 3.1 1 <LOD 1.7 <LOD 166
16/10/2015 11:59:44 #77 1.1 X562 Soil 29 29 30 87.95 63 6 11 3 <LOD 2 19156 100 85 5 <LOD 24 12.1 1.4 30 4 31.5 1.8 13.1 1.2 <LOD 1.7 <LOD 194
16/10/2015 12:02:32 #78 1.3 X563 Soil 29 29 30 87.42 65 5 16 2 <LOD 1.8 17856 89 83 4 <LOD 23 11.7 1.3 34 4 32.9 1.7 9.2 1 <LOD 1.6 <LOD 160
16/10/2015 12:04:19 #79 1.3 X564 Soil 29 29 30 87.38 75 5 17 2 <LOD 1.8 18067 90 100 4 <LOD 23 11.5 1.3 36 4 34.7 1.7 8.8 1 <LOD 1.6 <LOD 172
16/10/2015 12:06:54 #80 1.3 X565 Soil 29 29 30 87.97 66 6 13 3 <LOD 1.9 24504 124 96 5 <LOD 24 16.6 1.5 24 4 37.5 1.9 15.2 1.2 <LOD 1.8 <LOD 207
14/10/2015 11:43:29 #62 1.6 X275 Soil 29 29 30 87.92 65 5 <LOD 7 2 0.6 14877 81 59 4 <LOD 24 12 1.3 27 4 28.2 1.7 4.8 1 <LOD 1.7 312 68
14/10/2015 11:45:30 #63 1.6 X276 Soil 29 29 30 87.97 77 6 12 3 <LOD 1.8 19872 103 111 5 <LOD 24 11 1.4 26 4 31.3 1.8 6.3 1.1 <LOD 1.7 316 73
14/10/2015 11:48:22 #64 1.7 X277 Soil 29 29 30 87.83 63 5 12 2 <LOD 1.8 14775 78 52 4 <LOD 23 13.2 1.3 20 3 32.7 1.7 5.4 1 <LOD 1.6 343 68
14/10/2015 11:50:11 #65 1.7 X278 Soil 29 29 30 87.93 82 6 <LOD 7 <LOD 1.8 15222 82 64 4 <LOD 23 13.7 1.4 28 4 31.3 1.7 3.2 1 <LOD 1.7 570 76
14/10/2015 11:52:46 #66 1.8 X279 Soil 29 28 30 86.89 80 4 17 2 <LOD 1.5 17315 77 52 3 <LOD 19 36.2 1.4 35 3 56.4 1.7 6.5 1.1 1.5 0.5 2966 102
14/10/2015 11:54:38 #67 1.8 X280 Soil 29 28 30 86.87 71 5 10 2 <LOD 1.5 15681 72 49 3 <LOD 19 31.4 1.3 29 3 28.3 1.4 4.1 1 <LOD 1.4 3417 112
14/10/2015 11:57:39 #68 2.3 X281 Soil 29 29 30 87.5 65 4 8 2 <LOD 1.6 5111 35 38 3 <LOD 22 5.4 1.1 12 3 18.8 1.4 3.3 0.8 <LOD 1.5 1014 76
14/10/2015 12:00:46 #69 2.3 X282 Soil 29 29 30 87.44 67 4 10 2 <LOD 1.6 5240 35 40 3 <LOD 21 7.9 1.1 9 3 17.5 1.4 2.9 0.9 <LOD 1.5 935 71
14/10/2015 12:12:11 #74 2.5 X287 Soil 29 29 4 61.43 <LOD 22 <LOD 6 <LOD 1.7 284 9 <LOD 19 <LOD 23 <LOD 2.9 <LOD 8 4 1.2 <LOD 2.2 <LOD 1.5 <LOD 434
14/10/2015 12:13:29 #75 2.5 X288 Soil 29 29 6 63.47 <LOD 17 <LOD 6 <LOD 1.6 307 9 <LOD 16 <LOD 22 <LOD 2.9 <LOD 8 7.9 1.2 2.4 0.7 <LOD 1.5 593 146
14/10/2015 12:15:51 #76 2.6 X289 Soil 29 29 30 87.66 66 5 10 2 <LOD 1.7 20862 100 133 5 <LOD 22 9.2 1.2 41 4 146 3 13 1 <LOD 1.5 7709 188
14/10/2015 12:17:45 #77 2.6 X290 Soil 29 29 30 87.43 52 5 9 2 <LOD 1.8 16504 82 75 4 <LOD 22 7.5 1.2 36 3 66 2 7.8 0.9 <LOD 1.5 5460 151
14/10/2015 12:03:40 #70 3.4 X283 Soil 29 28 30 87.11 60 4 14 2 <LOD 1.7 13678 68 109 4 <LOD 21 6.7 1.1 22 3 35.1 1.6 8.2 0.9 <LOD 1.5 4883 136
14/10/2015 12:06:24 #71 3.4 X284 Soil 29 28 30 87.16 59 4 11 2 <LOD 1.7 13825 70 129 4 <LOD 21 5 1.1 24 3 33.3 1.6 9.1 0.9 <LOD 1.5 5377 144
14/10/2015 12:08:27 #72 4.4 X285 Soil 29 29 30 87.35 66 5 10 2 <LOD 1.7 17338 85 103 4 <LOD 22 6.6 1.2 29 3 35.2 1.7 9.3 1 <LOD 1.5 4740 147
14/10/2015 12:10:13 #73 4.4 X286 Soil 29 29 30 87.39 73 5 13 2 <LOD 1.7 17757 87 103 4 <LOD 22 6.2 1.2 26 3 31.3 1.6 10 1 <LOD 1.5 4952 153
20/10/2015 14:46:16 #102 GW19 0.2 X837 Soil 29 29 30 87.9 85 7 49 3 <LOD 2 29655 146 304 7 <LOD 24 132 3 80 5 192 3 22 2 <LOD 1.9 700 93
20/10/2015 14:48:33 #103 0.2 X838 Soil 29 29 22 79.6 79 7 48 3 2.8 0.7 25074 126 282 8 <LOD 25 125 3 59 4 153 3 20 2 <LOD 1.8 826 109
20/10/2015 14:50:11 #104 0.2 X839 Soil 29 29 30 88.06 55 6 54 3 <LOD 2 26985 137 244 6 <LOD 25 102 2 48 4 167 3 27 2 <LOD 1.8 570 88
20/10/2015 14:58:49 #108 0.6 X843 Soil 29 29 30 87.98 63 6 48 3 3.1 0.7 25532 129 259 6 <LOD 25 124 3 55 4 163 3 35 2 <LOD 1.8 756 89
20/10/2015 15:05:06 #109 0.6 X844 Soil 29 29 30 87.86 71 6 51 3 <LOD 1.9 24758 122 206 6 <LOD 24 90 2 44 4 169 3 28.6 1.9 <LOD 1.8 715 92
20/10/2015 15:06:51 #110 0.6 X845 Soil 29 29 30 88.15 79 7 35 3 2.1 0.7 26323 135 348 8 <LOD 25 81 2 52 4 147 3 29.8 1.9 <LOD 1.8 671 104
20/10/2015 15:08:37 #111 0.8 X846 Soil 29 29 30 87.59 <LOD 9 14 2 <LOD 1.7 5243 37 57 3 <LOD 23 51.5 1.7 12 3 32.8 1.7 10.3 1.4 <LOD 1.6 558 62
20/10/2015 15:10:32 #112 0.8 X847 Soil 29 29 30 87.51 <LOD 10 19 2 <LOD 1.8 5180 36 156 4 <LOD 23 140 2 16 3 35 1.7 9.5 1.9 <LOD 1.6 467 59
20/10/2015 15:12:11 #113 0.8 X848 Soil 29 29 30 87.54 <LOD 9 15 2 <LOD 1.7 4313 32 26 3 <LOD 23 17.3 1.3 14 3 36.8 1.7 6 1 <LOD 1.5 369 54
20/10/2015 15:15:51 #114 1 X849 Soil 29 29 30 87.59 35 4 16 2 2.2 0.6 10592 60 95 4 <LOD 23 44.3 1.6 25 3 47 1.9 6.1 1.3 1.8 0.6 219 54
20/10/2015 15:17:50 #115 1 X850 Soil 29 29 30 87.93 93 6 9 3 <LOD 1.8 20421 104 133 5 <LOD 24 29.2 1.6 39 4 42.3 1.9 10.6 1.3 <LOD 1.6 <LOD 205
20/10/2015 15:19:32 #116 1 X851 Soil 29 29 30 87.91 45 5 8 2 <LOD 1.8 12643 70 202 5 <LOD 24 25.3 1.5 22 3 43 1.9 8.2 1.2 <LOD 1.7 239 61
20/10/2015 15:22:20 #117 1.4 X852 Soil 29 28 30 87.26 80 5 <LOD 6 <LOD 1.6 10331 54 76 4 <LOD 21 17.6 1.2 23 3 32.7 1.5 <LOD 2.8 <LOD 1.5 757 65
20/10/2015 15:24:16 #118 1.4 X853 Soil 29 29 30 87.46 66 4 10 2 <LOD 1.6 9216 52 63 3 <LOD 21 15.5 1.2 20 3 25.9 1.5 3.3 1 <LOD 1.5 1824 90
20/10/2015 15:27:26 #119 1.4 X854 Soil 29 28 30 87.16 84 5 9 2 <LOD 1.7 11435 59 77 4 <LOD 21 20.9 1.3 30 3 31.6 1.5 5.3 1 2.2 0.5 1130 72
10/11/2015 16:10:05 #184 1.5 XRF181 Soil 29 28 30 87.12 80 5 19 2 <LOD 1.6 18084 87 123 4 <LOD 22 10.3 1.2 31 3 38.6 1.7 9.6 1 <LOD 1.5 4111 131
10/11/2015 16:11:55 #185 1.5 XRF182 Soil 29 28 30 87.07 72 5 12 2 <LOD 1.7 13369 67 96 4 <LOD 21 13.5 1.2 28 3 36.2 1.6 5.5 0.9 <LOD 1.5 1708 87
10/11/2015 16:14:43 #186 1.5 XRF183 Soil 29 28 30 87.31 74 5 12 2 <LOD 1.6 14147 70 86 4 28 7 14.5 1.2 23 3 38.4 1.6 7.1 1 <LOD 1.5 2409 100
10/11/2015 16:17:27 #187 2 XRF184 Soil 29 28 30 87.32 66 5 14 2 <LOD 1.6 14051 69 67 4 <LOD 20 28 1.4 26 3 36.7 1.6 3.3 1 <LOD 1.4 841 72
10/11/2015 16:19:47 #188 2 XRF185 Soil 29 29 30 87.4 88 5 21 2 <LOD 1.7 18530 87 108 4 <LOD 21 38.9 1.5 38 3 61.1 1.9 3.6 1.2 <LOD 1.6 1278 86
10/11/2015 16:22:09 #189 2 XRF186 Soil 29 29 30 87.95 56 5 14 2 <LOD 1.6 16469 82 66 4 <LOD 21 31 1.5 31 3 48.9 1.8 <LOD 3.4 <LOD 1.5 760 76
10/11/2015 16:27:20 #190 2.5 XRF187 Soil 29 28 30 87.17 72 4 15 2 1.8 0.6 10645 55 41 3 <LOD 20 13.2 1.2 33 3 31.7 1.5 3.3 0.9 1.8 0.5 865 66
10/11/2015 16:30:35 #191 2.5 XRF188 Soil 29 28 30 87.12 51 4 13 2 <LOD 1.6 17068 80 39 3 <LOD 20 9.3 1.2 33 3 30.7 1.5 4.5 0.9 <LOD 1.5 3189 111
10/11/2015 16:32:57 #192 2.5 XRF189 Soil 29 29 30 87.49 55 4 11 2 <LOD 1.6 8678 49 39 3 <LOD 21 12.3 1.2 17 3 21.5 1.4 <LOD 2.7 1.7 0.5 1382 80
10/11/2015 16:35:32 #193 3 XRF190 Soil 29 28 30 87.22 27 3 17 2 <LOD 1.7 4132 31 46 3 <LOD 22 7.7 1.2 15 3 10.9 1.3 <LOD 2.6 <LOD 1.6 462 56
10/11/2015 16:38:17 #194 3 XRF191 Soil 29 28 30 87.22 43 3 11 2 <LOD 1.7 4360 32 43 3 <LOD 22 8.2 1.2 11 3 10.9 1.3 <LOD 2.7 <LOD 1.6 827 65
10/11/2015 16:39:54 #195 3 XRF192 Soil 29 28 23 80.47 44 4 18 2 <LOD 1.7 3611 29 46 3 <LOD 22 6.5 1.2 <LOD 8 11.6 1.3 <LOD 2.6 <LOD 1.6 327 63
10/11/2015 16:41:39 #196 3.5 XRF193 Soil 29 28 30 87.07 37 3 10 2 <LOD 1.8 4634 33 49 3 <LOD 22 6.2 1.2 14 3 10.4 1.3 3.7 0.9 <LOD 1.6 627 63
10/11/2015 16:43:22 #197 3.5 XRF194 Soil 29 28 30 87.07 50 4 9 2 <LOD 1.7 4524 32 39 3 <LOD 21 5.1 1.1 14 3 13.5 1.3 <LOD 2.5 <LOD 1.5 707 63
10/11/2015 16:45:21 #198 3.5 XRF195 Soil 29 28 27 84.76 44 4 11 2 <LOD 1.6 6621 41 57 3 <LOD 21 11.1 1.2 12 3 13.2 1.3 4.8 0.9 <LOD 1.5 1348 81
10/11/2015 16:47:09 #199 4 XRF196 Soil 29 28 30 87.01 42 4 14 2 <LOD 1.6 13119 66 113 4 <LOD 21 7.4 1.1 36 3 29.8 1.5 7 0.9 1.7 0.5 2977 107
10/11/2015 16:49:17 #200 4 XRF197 Soil 29 28 16 73.76 40 5 11 2 <LOD 1.6 12152 62 102 5 22 7 7.8 1.1 15 3 28.2 1.5 3.5 0.9 <LOD 1.5 3442 156
10/11/2015 16:51:01 #201 4 XRF198 Soil 29 29 30 87.61 45 4 7 2 <LOD 1.6 10926 60 107 4 <LOD 22 6.3 1.2 13 3 27.1 1.5 3.9 0.9 <LOD 1.5 3541 128
10/11/2015 16:52:45 #202 4.5 XRF199 Soil 29 29 30 87.55 62 5 <LOD 7 <LOD 1.7 14894 75 101 4 <LOD 21 8.1 1.2 23 3 31.4 1.6 7.1 0.9 <LOD 1.5 3602 126
10/11/2015 16:54:42 #203 4.5 XRF200 Soil 29 28 11 68.25 69 8 11 2 <LOD 1.6 14674 73 102 7 <LOD 21 10 1.2 17 3 31.6 1.6 6.4 0.9 <LOD 1.5 3735 208
10/11/2015 16:56:16 #204 4.5 XRF201 Soil 29 28 17 74.53 59 6 7 2 <LOD 1.7 16428 79 127 6 <LOD 21 11.5 1.2 30 3 34 1.6 7.7 1 <LOD 1.5 4227 173
10/11/2015 16:58:02 #205 5 XRF202 Soil 29 29 30 87.38 69 5 12 2 <LOD 1.7 17650 85 85 4 24 7 10.2 1.2 27 3 34.8 1.6 9.7 1 <LOD 1.5 3411 123
10/11/2015 16:59:49 #206 5 XRF203 Soil 29 29 30 87.35 57 5 11 2 <LOD 1.7 15794 77 89 4 <LOD 21 7.8 1.2 19 3 33 1.6 8.7 0.9 <LOD 1.5 3951 128
10/11/2015 17:01:58 #207 5 XRF204 Soil 29 28 30 87.15 59 5 16 2 <LOD 1.7 13572 70 84 4 <LOD 22 7.8 1.2 32 3 32.6 1.6 7.6 0.9 <LOD 1.5 3489 124
12/10/2015 12:31:03 #32 GW20 0.2 X30 Soil 29 29 30 87.78 98 4 17 2 <LOD 1.7 6666 43 80 4 <LOD 22 20.1 1.3 <LOD 9 58.6 2 5.4 1.1 <LOD 1.5 214 52
12/10/2015 12:33:00 #33 0.2 X31 Soil 29 29 30 87.75 35 4 14 2 <LOD 1.7 6731 44 99 4 <LOD 23 38 1.6 11 3 45.9 1.8 <LOD 3.5 <LOD 1.6 299 55
12/10/2015 12:43:08 #34 0.3 X32 Soil 29 29 30 88.34 155 8 116 4 <LOD 2.3 32638 173 445 9 <LOD 27 245 4 81 5 430 6 <LOD 9 <LOD 2.1 11294 277
12/10/2015 12:46:02 #35 0.3 X33 Soil 29 29 30 87.99 69 6 140 4 2.4 0.7 29807 150 423 8 <LOD 25 220 3 62 5 357 5 13 3 <LOD 2 12690 272
12/10/2015 12:50:04 #36 0.5 X34 Soil 29 29 30 88.16 81 6 335 6 <LOD 2.4 25224 140 284 7 <LOD 28 349 4 68 5 513 6 <LOD 10 <LOD 2.2 42686 578
12/10/2015 12:53:09 #37 0.5 X35 Soil 29 29 30 88.3 62 6 463 7 <LOD 2.5 27238 153 285 7 <LOD 28 289 4 80 5 529 7 12 3 <LOD 2.4 46696 627
12/10/2015 13:36:36 #38 0.7 X36 Soil 29 29 30 87.93 75 6 94 4 <LOD 1.9 19657 103 108 5 <LOD 24 76 2 40 4 129 3 8.6 1.7 <LOD 1.8 10757 243
12/10/2015 13:38:46 #39 0.7 X37 Soil 29 29 30 87.85 68 6 64 3 <LOD 2.1 22701 118 104 5 <LOD 24 61.1 2 62 4 117 3 7 1.6 <LOD 1.8 13235 267
12/10/2015 13:41:37 #40 0.7 X38 Soil 29 29 30 87.9 74 6 52 3 <LOD 2 23079 119 85 5 <LOD 25 41 1.8 44 4 100 3 8.8 1.4 <LOD 1.8 21828 360
12/10/2015 13:52:17 #41 0.8 X39 Soil 29 29 30 88.31 <LOD 13 225 6 <LOD 2.5 9710 70 102 5 <LOD 28 289 4 39 5 436 6 <LOD 10 <LOD 2.4 83608 949
12/10/2015 13:54:22 #42 0.8 X40 Soil 29 29 30 88.31 <LOD 13 472 8 <LOD 2.7 11861 82 173 5 <LOD 29 197 4 31 5 564 7 9 3 <LOD 2.4 87777 988
12/10/2015 13:57:05 #43 0.8 X41 Soil 29 29 30 88.2 <LOD 13 570 8 <LOD 2.5 12820 83 136 5 <LOD 28 247 4 31 5 657 7 16 3 <LOD 2.3 83161 925
12/10/2015 14:01:02 #44 1.1 X42 Soil 29 29 30 88.37 36 6 366 7 <LOD 2.3 22228 127 229 6 <LOD 27 281 4 26 4 617 7 17 3 <LOD 2.2 44084 595
12/10/2015 14:02:54 #45 1.1 X43 Soil 29 29 30 88.38 29 5 243 6 <LOD 2.4 18595 114 170 6 <LOD 28 221 4 24 5 482 6 19 3 <LOD 2.4 54653 701
12/10/2015 14:04:38 #46 1.1 X44 Soil 29 29 30 88.24 41 5 444 7 <LOD 2.4 23108 130 254 6 <LOD 27 580 6 39 5 690 7 <LOD 13 <LOD 2.5 42029 546
12/10/2015 14:06:32 #47 1.1 X45 Soil 29 29 30 88.37 49 5 409 7 <LOD 2.4 21447 125 252 6 <LOD 27 290 4 35 5 641 7 19 3 <LOD 2.3 45977 601
12/10/2015 14:17:45 #48 1.3 X46 Soil 29 29 30 88.02 <LOD 14 93 4 2.6 0.9 23635 136 203 6 <LOD 28 69 2 <LOD 16 210 4 9.3 1.9 <LOD 2.2 57812 690
12/10/2015 14:20:11 #49 1.3 X47 Soil 29 29 30 88.1 <LOD 10 50 4 <LOD 2.3 6014 48 65 4 <LOD 27 39 2 <LOD 12 102 3 <LOD 4.7 2.2 0.7 70477 771
12/10/2015 14:25:10 #52 1.3 X48 Soil 29 29 30 87.91 <LOD 9 97 4 <LOD 2.3 3671 35 50 3 <LOD 27 41 2 21 4 140 3 <LOD 4.7 2.3 0.7 69437 745
12/10/2015 15:01:53 #53 1.6 X49 Soil 29 29 30 87.49 <LOD 7 <LOD 5.8 <LOD 1.5 511 10 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.1 2.4 0.7 <LOD 1.4 327 44
12/10/2015 15:04:16 #54 1.6 X50 Soil 29 29 30 87.55 <LOD 7 <LOD 5.8 <LOD 1.5 591 11 <LOD 6 <LOD 21 <LOD 3 <LOD 8 <LOD 3.1 <LOD 2.2 <LOD 1.4 775 59
12/10/2015 15:06:54 #55 1.8 X51 Soil 29 29 30 87.55 <LOD 6 <LOD 5.9 <LOD 1.5 523 10 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.1 <LOD 2.2 <LOD 1.4 214 41
12/10/2015 15:08:40 #56 1.8 X52 Soil 29 28 30 87.36 <LOD 6 <LOD 5.8 <LOD 1.5 591 11 <LOD 5.8 <LOD 21 <LOD 3 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 268 41
12/10/2015 15:12:24 #57 1.9 X53 Soil 29 29 30 87.91 <LOD 10 51 4 <LOD 2.5 5481 46 56 3 <LOD 28 22.5 2 22 4 90 3 7.5 1.5 <LOD 2.3 79843 813
12/10/2015 15:14:16 #58 1.9 X54 Soil 29 29 30 88.38 37 5 64 4 <LOD 2.5 24011 141 192 6 <LOD 29 28.7 2 25 6 133 3 9.3 1.6 2.3 0.7 80201 907
12/10/2015 15:21:27 #59 2.1 X55 Soil 29 29 30 88.23 <LOD 12 121 4 <LOD 2.5 9394 66 79 4 32 9 95 3 22 4 365 5 <LOD 6 <LOD 2.2 73336 822
12/10/2015 15:23:59 #60 2.1 X56 Soil 29 29 30 88.28 29 5 84 4 <LOD 2.5 14440 92 67 4 <LOD 27 96 3 45 5 428 6 <LOD 6 <LOD 2.3 65906 787
12/10/2015 15:35:24 #61 2.2 X57 Soil 29 29 30 87.88 33 5 101 4 <LOD 2.1 20556 107 147 5 <LOD 25 137 3 29 4 559 6 <LOD 6 <LOD 1.9 33789 461
12/10/2015 15:37:07 #62 2.2 X58 Soil 29 29 30 88.01 12 4 37 3 <LOD 1.9 9660 60 52 4 <LOD 25 69 2 12 3 216 4 <LOD 4.7 <LOD 1.8 16118 285
12/10/2015 15:39:19 #63 2.3 X59 Soil 29 29 30 88.34 <LOD 10 <LOD 10 <LOD 2.5 2400 29 38 4 <LOD 29 <LOD 5.2 <LOD 12 13.2 1.9 <LOD 3.7 <LOD 2.3 83608 963
12/10/2015 15:41:11 #64 2.3 X60 Soil 29 29 30 88.36 <LOD 10 16 3 <LOD 2.5 3152 34 55 4 <LOD 29 13.2 2 <LOD 12 29 2 <LOD 4.3 <LOD 2.3 78127 897
12/10/2015 15:43:20 #65 2.4 X61 Soil 29 29 30 87.52 34 4 9 2 <LOD 1.6 7993 48 27 3 <LOD 22 17.4 1.3 12 3 48.3 1.8 5.9 1 <LOD 1.6 4224 129
12/10/2015 15:45:20 #66 2.4 X62 Soil 29 29 30 87.75 48 6 1177 11 <LOD 2.1 27041 133 196 6 26 8 693 6 55 4 1708 12 <LOD 12 <LOD 2.1 8264 205
12/10/2015 16:01:01 #71 2.5 X67 Soil 29 29 30 87.82 <LOD 8 9 2 <LOD 1.6 2185 22 <LOD 8 <LOD 22 3.8 1.1 <LOD 8 9.2 1.3 2.9 0.8 <LOD 1.5 873 69
12/10/2015 16:02:34 #72 2.5 X68 Soil 29 29 11 68.56 <LOD 14 7 2 <LOD 1.7 1690 19 <LOD 13 <LOD 22 4.8 1.1 <LOD 8 8.6 1.3 <LOD 2.5 <LOD 1.5 1086 130
12/10/2015 15:49:59 #68 3 X64 Soil 29 29 30 87.75 <LOD 7 <LOD 6 <LOD 1.6 996 14 <LOD 7 <LOD 22 3.4 1.1 <LOD 8 9.9 1.3 <LOD 2.4 <LOD 1.4 1072 73
12/10/2015 15:52:12 #69 3 X65 Soil 29 29 30 87.47 <LOD 7 <LOD 6 <LOD 1.6 1284 16 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 8.6 1.2 <LOD 2.3 <LOD 1.5 1158 72
12/10/2015 15:57:53 #70 3.5 X66 Soil 29 29 30 87.72 <LOD 7 <LOD 6 <LOD 1.6 809 13 <LOD 7 <LOD 21 <LOD 3.2 <LOD 8 6.2 1.2 <LOD 2.4 <LOD 1.5 1014 70
12/10/2015 16:04:19 #73 3.5 X69 Soil 29 29 30 87.75 <LOD 7 <LOD 6 <LOD 1.5 591 11 <LOD 6 <LOD 22 4.9 1.1 <LOD 8 7.6 1.2 <LOD 2.4 <LOD 1.4 1186 73
12/10/2015 16:05:59 #74 4 X70 Soil 29 29 19 76.76 <LOD 8 <LOD 6 <LOD 1.5 718 12 <LOD 8 <LOD 22 <LOD 3.1 <LOD 7 6.3 1.1 <LOD 2.3 <LOD 1.4 1640 99
12/10/2015 16:07:45 #75 4 X71 Soil 29 28 30 87.35 <LOD 7 <LOD 5.9 <LOD 1.5 1007 14 <LOD 6 <LOD 21 3.2 1 <LOD 8 5.5 1.1 <LOD 2.2 <LOD 1.4 1474 74
12/10/2015 16:11:38 #76 4.5 X72 Soil 29 29 30 87.59 <LOD 7 <LOD 6 <LOD 1.6 770 12 <LOD 6 <LOD 22 <LOD 3 <LOD 7 <LOD 3.2 2.3 0.8 <LOD 1.4 937 67
12/10/2015 16:13:54 #77 4.5 X73 Soil 29 29 30 87.6 <LOD 7 <LOD 6 <LOD 1.6 704 12 <LOD 6 <LOD 21 <LOD 3 <LOD 8 <LOD 3.2 <LOD 2.2 <LOD 1.4 1012 68
12/10/2015 16:15:46 #78 5 X74 Soil 29 29 30 87.48 <LOD 6 <LOD 6 <LOD 1.5 511 10 <LOD 6 <LOD 21 <LOD 3 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 1024 67
12/10/2015 16:17:59 #79 5 X75 Soil 29 29 30 87.64 <LOD 6 <LOD 6 <LOD 1.6 500 10 <LOD 6 <LOD 22 <LOD 3 <LOD 8 3.8 1.1 <LOD 2.2 <LOD 1.4 990 69
19/10/2015 12:18:47 #63 GW21 0.2 X630 Soil 29 29 30 87.54 28 4 34 3 <LOD 1.7 7621 47 99 4 <LOD 23 51.3 1.7 21 3 86 2 <LOD 3.9 <LOD 1.6 544 63
19/10/2015 12:20:44 #64 0.2 X631 Soil 29 29 30 87.64 22 4 30 3 <LOD 1.7 6476 43 166 4 <LOD 23 43.4 1.6 <LOD 9 66 2 4.1 1.3 <LOD 1.6 421 58
19/10/2015 12:23:28 #65 0.2 X632 Soil 29 29 30 87.59 13 3 26 2 <LOD 1.7 6430 42 76 3 <LOD 23 50.6 1.7 16 3 66 2 <LOD 3.9 <LOD 1.6 398 56
16/10/2015 12:15:28 #81 0.6 X566 Soil 29 28 30 87.35 <LOD 8 <LOD 6 <LOD 1.6 3940 30 44 3 <LOD 22 11.4 1.2 10 3 13.5 1.3 <LOD 2.7 <LOD 1.5 <LOD 116
16/10/2015 12:17:28 #82 0.6 X567 Soil 29 28 30 87.37 <LOD 8 <LOD 6 <LOD 1.6 3658 28 13 3 <LOD 21 9 1.1 <LOD 8 14 1.3 <LOD 2.6 <LOD 1.5 <LOD 119
16/10/2015 12:19:37 #85 0.6 X568 Soil 22 22.48 57 17 30 8 <LOD 12 5300 61 <LOD 35 <LOD 25 17.8 1.7 <LOD 17 <LOD 15 <LOD 4.3 <LOD 2.9
19/10/2015 10:21:33 #5 0.8 X572 Soil 29 28 30 87.36 <LOD 7 <LOD 6 <LOD 1.6 2039 20 <LOD 7 <LOD 22 3.7 1.1 <LOD 8 4.5 1.1 <LOD 2.4 <LOD 1.5 <LOD 100
19/10/2015 10:23:17 #6 0.8 X573 Soil 29 28 30 87.39 88 4 <LOD 6 <LOD 1.6 2150 21 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 4 1.1 <LOD 2.3 <LOD 1.5 <LOD 94
19/10/2015 10:25:14 #7 0.8 X574 Soil 29 29 30 87.44 <LOD 7 <LOD 6 <LOD 1.6 2353 22 8 2 <LOD 22 4.3 1.1 <LOD 8 7 1.2 <LOD 2.4 <LOD 1.4 <LOD 107
19/10/2015 10:16:14 #2 1 X569 Soil 29 29 30 87.46 <LOD 8 10 2 <LOD 1.6 3066 26 17 3 <LOD 22 18.1 1.3 <LOD 8 25.8 1.5 3.6 1 <LOD 1.5 <LOD 108
19/10/2015 10:18:05 #3 1 X570 Soil 29 29 30 87.47 <LOD 8 7 2 <LOD 1.6 2464 22 <LOD 7 <LOD 22 15 1.2 <LOD 8 19.5 1.4 <LOD 2.8 <LOD 1.5 <LOD 107
19/10/2015 10:19:47 #4 1 X571 Soil 29 29 30 87.53 15 3 19 2 <LOD 1.6 4077 31 35 3 <LOD 22 52 1.6 9 3 51.2 1.8 <LOD 3.8 <LOD 1.5 <LOD 120
19/10/2015 10:27:13 #8 1.2 X575 Soil 29 29 30 87.71 34 4 98 3 <LOD 1.9 10062 58 105 4 <LOD 23 122 2 22 3 133 3 7.4 1.9 <LOD 1.7 407 61
19/10/2015 10:29:21 #9 1.2 X576 Soil 29 29 30 87.67 29 4 58 3 <LOD 1.8 8405 51 109 4 <LOD 23 82.3 2 15 3 84 2 <LOD 4.7 <LOD 1.6 272 57
19/10/2015 10:31:40 #10 1.2 X577 Soil 29 29 30 87.66 28 4 45 3 <LOD 1.8 8446 51 116 4 <LOD 23 94 2 21 3 80 2 6.8 1.6 <LOD 1.6 324 57
19/10/2015 10:33:29 #11 1.4 X578 Soil 29 29 30 87.75 <LOD 9 20 2 <LOD 1.7 3901 30 38 3 <LOD 23 47.5 1.6 <LOD 9 34.1 1.7 8 1.3 <LOD 1.6 240 50
19/10/2015 10:35:23 #12 1.4 X579 Soil 29 29 30 87.81 12 3 17 2 <LOD 1.7 3339 28 18 3 <LOD 23 54.9 1.7 <LOD 9 35.8 1.7 <LOD 4 <LOD 1.5 166 47
19/10/2015 10:37:10 #13 1.4 X580 Soil 29 29 30 87.65 10 3 18 2 <LOD 1.7 3612 29 26 3 <LOD 23 55.9 1.7 9 3 34.2 1.7 <LOD 4 <LOD 1.5 200 47
13/10/2015 10:29:08 #22 1.5 X110 Soil 29 29 30 87.71 <LOD 7 7 2 <LOD 1.6 1125 15 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 <LOD 3.3 <LOD 2.4 <LOD 1.5 331 48
13/10/2015 10:31:55 #23 1.5 X111 Soil 29 29 30 87.87 <LOD 8 <LOD 6 <LOD 1.6 1075 15 <LOD 7 <LOD 22 3.9 1.1 <LOD 8 <LOD 3.5 <LOD 2.4 <LOD 1.5 199 44
13/10/2015 10:36:51 #24 2 X112 Soil 29 29 30 87.7 18 3 <LOD 6 <LOD 1.6 2276 22 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 <LOD 3.4 3 0.8 <LOD 1.4 <LOD 116
13/10/2015 10:39:03 #25 2 X113 Soil 29 29 30 87.66 17 3 <LOD 6 <LOD 1.6 3153 26 <LOD 8 <LOD 22 4.6 1.1 <LOD 8 6.3 1.2 4.7 0.9 <LOD 1.5 127 42
13/10/2015 10:42:39 #26 2.5 X114 Soil 29 28 30 87.26 51 4 9 2 <LOD 1.6 5370 35 22 3 <LOD 21 3.9 1 9 3 12.6 1.2 4.2 0.8 <LOD 1.4 1513 77
13/10/2015 10:45:04 #27 2.5 X115 Soil 29 28 30 87.31 42 4 <LOD 6 <LOD 1.6 6528 40 29 3 <LOD 21 7.6 1.1 22 3 12.7 1.3 7.1 0.9 <LOD 1.5 1492 76
13/10/2015 10:47:10 #28 3 X116 Soil 29 28 8 65.36 <LOD 14 <LOD 6 <LOD 1.6 1579 17 <LOD 13 <LOD 21 <LOD 2.9 <LOD 8 4.7 1.1 2.7 0.7 <LOD 1.4 919 121
13/10/2015 10:48:53 #29 3 X117 Soil 29 28 30 87.14 <LOD 7 <LOD 5.9 <LOD 1.5 1206 15 <LOD 7 <LOD 21 <LOD 2.9 <LOD 8 4 1.1 3.2 0.7 <LOD 1.4 572 50
13/10/2015 10:52:36 #30 4.1 X118 Soil 29 28 57.35 <LOD 17 <LOD 6 <LOD 1.6 1956 20 <LOD 16 <LOD 22 <LOD 3 <LOD 8 4.7 1.1 2.8 0.8 <LOD 1.4 710 131
13/10/2015 10:54:19 #31 4.1 X118 Soil 29 28 30 87.2 14 3 <LOD 6 <LOD 1.6 3147 25 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 4.6 0.7 <LOD 1.5 899 62
13/10/2015 10:56:05 #32 4.1 X119 Soil 29 28 30 87.37 <LOD 7 6 2 <LOD 1.5 1542 17 <LOD 7 <LOD 21 <LOD 2.9 <LOD 8 4.6 1.1 3.5 0.7 <LOD 1.4 642 56
13/10/2015 15:24:45 #83 GW22 0.1 X169 Soil 29 29 30 87.7 62 5 40 4 <LOD 4.5 22477 130 222 6 <LOD 26 12340 63 28 5 228 5 <LOD 58 <LOD 7 7439 195
13/10/2015 15:26:32 #84 0.1 X170 Soil 29 29 30 87.8 71 5 28 3 <LOD 2.6 18892 102 276 6 <LOD 25 2758 15 36 4 196 4 <LOD 25 <LOD 3.3 3757 139
13/10/2015 15:28:34 #85 0.1 X171 Soil 29 29 30 87.86 50 5 33 3 <LOD 2.4 16853 92 190 5 <LOD 25 2066 12 28 4 200 4 <LOD 21 <LOD 2.9 3094 126
13/10/2015 15:30:13 #86 0.1 X172 Soil 29 29 11 68.63 61 9 34 3 <LOD 2.6 18717 101 220 9 <LOD 25 2247 13 27 4 211 4 52 8 <LOD 3.1 4001 239
13/10/2015 15:32:37 #87 0.2 X173 Soil 29 29 30 87.79 49 5 34 3 <LOD 2.2 18194 97 153 5 <LOD 24 1229 8 30 4 211 4 <LOD 16 <LOD 2.4 2692 120
13/10/2015 15:34:34 #88 0.2 X174 Soil 29 29 30 87.83 46 5 23 3 <LOD 2.1 13813 75 112 4 <LOD 24 1007 7 17 3 162 3 <LOD 14 <LOD 2.2 2601 115
13/10/2015 15:36:33 #89 0.2 X175 Soil 29 29 30 87.85 42 4 29 3 <LOD 2.1 13360 74 111 4 <LOD 24 1073 8 20 3 162 3 35 5 <LOD 2.3 2923 120
13/10/2015 15:38:54 #90 0.4 X176 Soil 29 29 30 87.73 24 4 37 3 <LOD 2.3 15258 82 74 4 <LOD 24 1290 9 18 4 185 3 <LOD 17 <LOD 2.4 2067 99
13/10/2015 15:40:56 #91 0.4 X177 Soil 29 29 30 87.73 22 4 30 3 <LOD 2.1 12212 69 87 4 <LOD 23 1132 8 19 3 169 3 32 5 <LOD 2.3 2165 103
13/10/2015 15:46:16 #92 0.4 X178 Soil 29 29 30 87.84 30 4 44 3 <LOD 2.3 14521 79 66 4 <LOD 24 1418 9 27 4 232 4 19 6 <LOD 2.5 2622 111
13/10/2015 15:48:38 #93 0.8 X179 Soil 29 29 30 87.8 16 4 22 3 2.4 0.7 11319 65 76 4 <LOD 24 674 6 <LOD 10 95 2 <LOD 12 <LOD 2.1 1582 92
13/10/2015 15:50:54 #94 0.8 X180 Soil 29 29 30 87.74 31 4 27 3 <LOD 1.9 9301 55 99 4 <LOD 23 683 6 21 3 101 3 <LOD 12 <LOD 2 1753 95
13/10/2015 15:53:45 #95 0.8 X181 Soil 29 29 30 88.01 25 5 17 3 <LOD 2.1 12035 71 147 5 <LOD 24 798 6 <LOD 10 104 3 23 5 <LOD 2.2 1738 105
13/10/2015 15:56:11 #96 1 X182 Soil 29 29 30 87.9 17 5 12 3 <LOD 1.9 26205 129 92 5 26 8 527 5 16 4 81 2 <LOD 11 <LOD 2 1394 98
13/10/2015 15:58:35 #97 1 X183 Soil 29 29 30 88.17 25 4 17 3 <LOD 2 10607 65 71 4 <LOD 25 492 5 <LOD 10 95 3 11 4 <LOD 2.1 1236 92
13/10/2015 16:00:36 #98 1 X184 Soil 29 29 30 87.66 15 4 22 3 <LOD 2 8586 53 76 4 <LOD 24 583 5 21 3 90 2 <LOD 11 <LOD 2 1339 85
13/10/2015 16:02:36 #99 1.2 X185 Soil 29 29 30 87.64 <LOD 8 <LOD 6 <LOD 1.7 2867 25 12 3 <LOD 22 262 3 <LOD 8 13.9 1.3 <LOD 7 <LOD 1.7 964 69
13/10/2015 16:04:54 #100 1.2 X186 Soil 29 29 30 87.62 <LOD 8 <LOD 7 <LOD 1.7 3139 26 8 3 <LOD 22 248 3 <LOD 8 17.1 1.4 <LOD 7 <LOD 1.7 869 65
13/10/2015 16:06:44 #101 1.2 X187 Soil 29 29 30 87.68 <LOD 8 <LOD 6 <LOD 1.7 3197 27 9 3 <LOD 22 276 3 <LOD 8 13.1 1.3 <LOD 7 <LOD 1.6 963 70
13/10/2015 16:08:45 #102 1.4 X188 Soil 29 29 30 87.58 <LOD 7 10 2 <LOD 1.7 1631 18 40 3 <LOD 23 156 2 <LOD 8 13.4 1.3 <LOD 5.6 <LOD 1.6 601 58
13/10/2015 16:10:43 #103 1.4 X189 Soil 29 29 30 87.52 <LOD 7 <LOD 6 <LOD 1.7 1825 19 <LOD 7 <LOD 22 190 3 <LOD 8 25.7 1.5 <LOD 6 <LOD 1.6 937 65
13/10/2015 16:12:38 #104 1.4 X190 Soil 29 29 30 87.9 <LOD 8 <LOD 7 <LOD 1.6 2071 21 <LOD 7 <LOD 23 184 3 <LOD 8 14 1.4 <LOD 6 <LOD 1.6 857 69
13/10/2015 14:24:29 #69 1.5 X155 Soil 29 29 30 87.46 <LOD 7 9 2 <LOD 1.7 1409 17 <LOD 7 <LOD 21 143 2 <LOD 8 56.6 1.9 <LOD 5.4 <LOD 1.5 511 53
13/10/2015 14:26:29 #70 1.5 X156 Soil 29 29 30 87.75 <LOD 8 13 2 <LOD 1.7 2691 24 <LOD 7 <LOD 22 341 4 9 3 71 2 <LOD 8 <LOD 1.7 445 52
13/10/2015 14:29:17 #71 1.7 X157 Soil 29 29 30 87.72 42 4 <LOD 7 <LOD 1.7 5034 36 <LOD 9 <LOD 23 115 2 <LOD 9 22 1.5 8.9 1.8 <LOD 1.6 457 59
13/10/2015 14:31:42 #72 1.7 X158 Soil 29 29 30 87.8 43 4 <LOD 7 <LOD 1.8 5875 40 <LOD 9 <LOD 23 140 2 13 3 27 1.6 8.1 1.9 <LOD 1.6 590 66
13/10/2015 14:34:01 #73 2 X159 Soil 29 29 30 87.82 32 6 <LOD 7 <LOD 1.8 26110 128 <LOD 13 <LOD 24 131 3 <LOD 11 43.2 1.9 18 2 <LOD 1.8 697 89
13/10/2015 14:36:10 #74 2 X160 Soil 29 29 30 87.88 16 5 <LOD 7 <LOD 1.9 17065 91 <LOD 12 <LOD 24 83 2 11 3 27 1.7 11.4 1.7 <LOD 1.7 536 76
13/10/2015 14:38:32 #75 2.1 X161 Soil 29 29 30 87.56 9 3 <LOD 6 <LOD 1.6 1533 18 <LOD 7 <LOD 22 26.3 1.4 <LOD 8 8.7 1.2 <LOD 3.1 <LOD 1.5 148 41
13/10/2015 14:40:38 #76 2.1 X162 Soil 29 29 30 87.6 12 3 <LOD 6 <LOD 1.6 1808 19 <LOD 7 <LOD 22 30 1.4 <LOD 8 11.7 1.3 <LOD 3.3 <LOD 1.6 308 47
13/10/2015 14:42:42 #77 2.2 X163 Soil 29 29 23 80.65 <LOD 9 <LOD 6 <LOD 1.6 2752 24 <LOD 8 <LOD 21 6.6 1.1 <LOD 8 10.2 1.2 2.5 0.8 <LOD 1.4 189 47
13/10/2015 14:44:34 #78 2.2 X164 Soil 29 28 30 87.39 <LOD 7 <LOD 5.9 <LOD 1.6 1137 15 <LOD 6 <LOD 21 4.3 1 <LOD 8 4.7 1.1 <LOD 2.3 <LOD 1.4 <LOD 96
13/10/2015 14:47:52 #79 2.7 X165 Soil 29 28 30 87.34 <LOD 7 <LOD 6 <LOD 1.5 1856 19 7 2 <LOD 21 <LOD 3.1 <LOD 8 7.6 1.2 4.4 0.8 <LOD 1.4 770 58
13/10/2015 14:50:51 #80 2.7 X166 Soil 29 28 30 87.17 7 2 <LOD 5.9 <LOD 1.5 1686 18 9 2 <LOD 21 <LOD 3 <LOD 8 3.8 1.1 3.8 0.8 <LOD 1.4 769 55
13/10/2015 14:10:35 #65 3.5 X151 Soil 29 28 30 87.21 <LOD 7 6 2 <LOD 1.5 254 8 <LOD 6 <LOD 21 <LOD 3 <LOD 8 5.7 1.1 <LOD 2.1 <LOD 1.5 231 39
13/10/2015 14:12:21 #66 3.5 X152 Soil 29 28 30 87.18 <LOD 6 <LOD 6 <LOD 1.5 316 8 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 6.7 1.1 2.2 0.7 <LOD 1.4 183 37
13/10/2015 14:14:40 #67 4 X153 Soil 29 28 20 77.57 <LOD 8 <LOD 6 <LOD 1.6 348 9 <LOD 8 <LOD 21 <LOD 2.8 <LOD 7 4.3 1.1 <LOD 2.1 <LOD 1.4 495 60
13/10/2015 14:18:17 #68 4 X154 Soil 29 28 20 77.41 <LOD 8 <LOD 6 <LOD 1.6 330 9 <LOD 8 <LOD 22 <LOD 2.9 <LOD 8 <LOD 3.3 <LOD 2.1 <LOD 1.4 352 57
13/10/2015 14:54:21 #81 GW23 0.2 X167 Soil 29 29 30 88.12 61 6 29 3 <LOD 2.1 26767 139 308 7 <LOD 26 44.6 1.9 48 4 165 3 6.8 1.5 <LOD 1.8 394 82
13/10/2015 14:56:20 #82 0.2 X168 Soil 29 29 30 88.2 84 7 34 3 <LOD 2.1 31966 167 367 7 <LOD 27 46 1.9 59 5 160 3 7 1.5 <LOD 1.9 578 93
13/10/2015 16:16:22 #105 0.2 X191 Soil 29 29 30 88 104 7 35 3 <LOD 2 30020 151 375 7 <LOD 26 39.4 1.8 63 5 156 3 6.7 1.4 <LOD 1.8 515 91
13/10/2015 16:26:16 #106 0.8 X192 Soil 29 29 30 87.88 22 4 <LOD 7 <LOD 1.8 11805 67 37 4 <LOD 23 <LOD 3.5 13 3 372 5 11.7 1 <LOD 1.6 240 60
13/10/2015 16:29:13 #107 0.8 X193 Soil 29 29 30 87.89 14 4 <LOD 7 <LOD 1.8 8486 52 52 4 <LOD 23 7.3 1.2 12 3 301 4 5.9 0.9 <LOD 1.6 <LOD 158
13/10/2015 16:31:35 #108 0.8 X194 Soil 29 29 30 87.89 29 4 8 2 <LOD 1.8 10621 61 47 4 <LOD 23 4.9 1.2 <LOD 9 387 5 10.1 1 <LOD 1.5 177 57
13/10/2015 16:35:11 #109 1 X195 Soil 29 29 30 87.52 81 4 <LOD 7 <LOD 1.8 5446 38 30 3 <LOD 23 <LOD 3.3 11 3 143 3 5.6 0.9 <LOD 1.5 <LOD 140
13/10/2015 16:37:01 #110 1 X196 Soil 29 29 30 87.7 23 4 <LOD 7 <LOD 1.7 6667 43 37 3 <LOD 23 4.8 1.1 <LOD 9 178 3 5.4 0.9 <LOD 1.5 <LOD 145
13/10/2015 16:38:48 #111 1 X197 Soil 29 29 30 87.6 21 4 7 2 <LOD 1.7 6456 42 33 3 <LOD 23 5.2 1.1 10 3 181 3 5 0.9 <LOD 1.6 <LOD 146
13/10/2015 16:41:16 #112 1.2 X198 Soil 29 29 30 87.79 58 5 15 3 <LOD 1.9 15089 82 175 5 <LOD 24 10.7 1.3 35 4 30.6 1.7 9.7 1.1 <LOD 1.7 <LOD 197
13/10/2015 16:43:34 #113 1.2 X199 Soil 29 29 30 87.66 49 5 13 2 <LOD 1.8 13801 75 169 5 <LOD 24 8.2 1.2 36 4 25.8 1.6 6 1 <LOD 1.7 <LOD 181
13/10/2015 16:45:39 #114 1.2 X200 Soil 29 29 30 87.84 35 5 14 3 <LOD 1.8 13753 76 176 5 <LOD 24 9.1 1.3 30 4 23.6 1.6 6.6 1 <LOD 1.7 220 63
13/10/2015 16:48:16 #115 1.4 X201 Soil 29 29 30 87.81 38 5 13 2 <LOD 1.8 12023 68 123 4 <LOD 23 9.4 1.3 13 3 76 2 4.7 1 <LOD 1.6 241 60
13/10/2015 16:51:40 #116 1.4 X202 Soil 29 29 30 87.61 55 5 16 3 <LOD 1.8 12342 69 98 4 <LOD 24 9.3 1.3 21 3 66 2 4.5 1 <LOD 1.6 307 67
13/10/2015 16:53:24 #117 1.4 X203 Soil 29 29 30 87.79 43 5 14 2 <LOD 1.8 11558 66 86 4 <LOD 24 4.7 1.2 17 3 87 2 7.7 1 <LOD 1.6 209 61
13/10/2015 16:55:17 #118 1.4 X204 Soil 29 29 30 87.54 66 5 9 2 <LOD 1.8 18313 92 147 5 <LOD 23 9.9 1.3 33 4 38.4 1.8 3.1 1 <LOD 1.6 200 61
19/10/2015 11:19:07 #34 2.5 X601 Soil 29 28 30 87.34 <LOD 8 <LOD 6 <LOD 1.7 2511 23 12 2 <LOD 22 <LOD 3 <LOD 8 8.4 1.2 4.1 0.8 <LOD 1.5 1206 70
19/10/2015 11:20:53 #35 2.5 X602 Soil 29 28 30 87.32 <LOD 7 <LOD 6 <LOD 1.6 1911 20 <LOD 7 <LOD 21 <LOD 3 <LOD 8 7.9 1.2 3.2 0.8 <LOD 1.5 741 58
19/10/2015 11:22:37 #36 2.5 X603 Soil 29 28 30 87.31 <LOD 7 <LOD 6 <LOD 1.6 1871 19 14 2 <LOD 22 <LOD 3.1 <LOD 8 7.6 1.2 4.2 0.8 <LOD 1.5 530 52
19/10/2015 11:24:33 #37 2.9 X604 Soil 29 29 30 87.52 <LOD 7 7 2 <LOD 1.7 1572 18 <LOD 7 <LOD 22 <LOD 3 <LOD 8 4.2 1.2 4.8 0.8 <LOD 1.5 915 69
19/10/2015 11:27:07 #38 2.9 X605 Soil 29 29 30 87.51 <LOD 7 <LOD 6 <LOD 1.7 498 11 <LOD 7 <LOD 23 <LOD 2.9 <LOD 8 <LOD 3.4 3.1 0.7 <LOD 1.5 919 68
19/10/2015 11:29:02 #39 2.9 X606 Soil 29 29 30 87.53 61 4 <LOD 6 <LOD 1.7 490 11 <LOD 6 <LOD 23 <LOD 2.9 <LOD 8 <LOD 3.4 3.4 0.7 <LOD 1.5 994 74
19/10/2015 11:30:58 #40 2.9 X607 Soil 29 29 30 87.48 <LOD 7 <LOD 6 <LOD 1.7 759 13 <LOD 6 <LOD 23 <LOD 2.8 <LOD 8 <LOD 3.2 4.4 0.7 <LOD 1.5 923 67
14/10/2015 13:09:58 #78 GW24 0 X291 Soil 29 29 30 87.7 95 5 24 3 <LOD 1.7 11110 62 219 5 <LOD 23 72.5 1.9 32 3 161 3 6.2 1.5 <LOD 1.6 956 81
14/10/2015 13:12:02 #79 0 X292 Soil 29 29 30 87.72 25 4 27 3 <LOD 1.8 10029 58 190 5 <LOD 23 67.6 1.9 24 3 139 3 <LOD 4.4 <LOD 1.6 1065 82
14/10/2015 13:13:48 #80 0 X293 Soil 29 29 30 87.8 47 4 35 3 <LOD 1.8 13899 74 226 5 <LOD 23 77 1.9 31 3 174 3 6.7 1.6 <LOD 1.7 1128 87
14/10/2015 13:15:37 #81 0.5 X294 Soil 29 29 30 88 63 5 36 3 <LOD 1.8 15448 84 161 5 <LOD 24 66.9 1.9 34 4 144 3 5.7 1.5 <LOD 1.7 751 79
14/10/2015 13:17:45 #82 0.5 X295 Soil 29 29 30 88.15 47 5 44 3 <LOD 2 18608 101 182 5 <LOD 25 74 2 24 4 181 3 5.2 1.7 <LOD 1.7 575 78
14/10/2015 13:19:42 #83 0.5 X296 Soil 29 29 30 88.29 37 5 26 3 <LOD 1.9 14153 81 122 5 <LOD 25 56.6 1.9 18 4 136 3 4.7 1.5 <LOD 1.8 681 83
14/10/2015 13:21:32 #84 0.8 X297 Soil 29 29 30 88.02 63 6 78 4 <LOD 2.1 28076 144 374 7 <LOD 26 276 4 64 5 169 3 18 3 <LOD 2 1099 102
14/10/2015 13:23:12 #85 0.8 X298 Soil 29 29 30 88 65 6 108 4 <LOD 2.2 30845 159 334 7 30 9 270 4 59 5 209 4 14 3 <LOD 2.1 963 98
14/10/2015 13:24:57 #86 0.8 X299 Soil 29 29 30 88.28 83 7 96 4 <LOD 2.3 35793 189 405 8 <LOD 27 243 4 50 5 178 4 22 3 <LOD 2.1 1181 116
14/10/2015 13:26:40 #87 0.9 X300 Soil 29 29 30 88.17 137 9 84 4 <LOD 2.4 59877 308 699 12 <LOD 28 107 3 90 6 271 5 9 2 <LOD 2.1 742 122
14/10/2015 13:28:29 #88 0.9 X301 Soil 29 29 30 88.16 146 10 102 4 <LOD 2.5 69111 354 780 13 <LOD 28 118 3 118 6 294 5 16 2 <LOD 2.2 575 122
14/10/2015 13:30:56 #90 0.9 X302 Soil 29 29 30 88.28 144 10 89 4 3.6 0.9 63430 338 635 12 <LOD 29 117 3 100 6 273 5 14 2 <LOD 2.3 1015 133
14/10/2015 13:35:24 #92 1.2 X303 Soil 29 29 30 87.4 <LOD 9 21 2 1.8 0.6 5037 35 16 3 <LOD 22 9.5 1.2 17 3 61.5 1.9 6 0.9 <LOD 1.5 393 52
14/10/2015 13:37:09 #93 1.2 X304 Soil 29 29 30 87.63 <LOD 9 12 2 <LOD 1.7 4166 31 15 3 <LOD 22 10 1.2 <LOD 8 28.6 1.6 <LOD 2.7 <LOD 1.5 340 52
14/10/2015 13:38:56 #94 1.2 X305 Soil 29 29 30 87.77 10 3 18 2 <LOD 1.7 4601 34 41 3 <LOD 22 10.3 1.2 <LOD 9 36.2 1.7 3.5 0.9 <LOD 1.5 308 54
14/10/2015 13:40:46 #95 1.4 X306 Soil 29 28 25 82.56 <LOD 7 15 2 <LOD 1.5 947 13 <LOD 7 <LOD 21 3.9 1 <LOD 8 16.4 1.3 <LOD 2.3 <LOD 1.4 277 45
14/10/2015 13:42:26 #96 1.4 X307 Soil 29 29 30 87.57 <LOD 7 13 2 <LOD 1.5 1031 14 <LOD 6 <LOD 21 <LOD 3 <LOD 8 15.5 1.3 <LOD 2.2 <LOD 1.4 241 43
14/10/2015 13:44:41 #97 1.4 X308 Soil 29 29 30 87.54 <LOD 6 14 2 <LOD 1.6 920 13 <LOD 6 22 7 4.2 1 <LOD 8 15.8 1.3 <LOD 2.3 <LOD 1.4 185 40
14/10/2015 9:29:10 #16 1.5 X229 Soil 29 28 30 87.41 <LOD 7 <LOD 6 <LOD 1.6 1445 17 <LOD 6 <LOD 21 <LOD 3.1 <LOD 8 17.1 1.3 3.8 0.8 <LOD 1.4 182 40
14/10/2015 9:31:05 #17 1.5 X230 Soil 29 28 30 87.25 <LOD 7 14 2 <LOD 1.6 1964 20 <LOD 7 <LOD 22 4.7 1.1 12 3 23.5 1.4 4 0.8 <LOD 1.5 182 40
14/10/2015 9:33:25 #18 1.5 X231 Soil 29 29 30 87.82 48 5 51 3 <LOD 2 20966 109 201 5 <LOD 25 80 2 55 4 122 3 <LOD 5 <LOD 1.8 <LOD 201
14/10/2015 9:35:47 #19 1.5 X232 Soil 29 29 30 87.76 <LOD 8 10 2 <LOD 1.6 3481 28 9 3 <LOD 22 23.7 1.4 <LOD 9 40.5 1.7 <LOD 3.1 <LOD 1.5 140 43
14/10/2015 9:38:55 #20 1.6 X233 Soil 29 29 30 87.71 <LOD 7 <LOD 6 <LOD 1.6 1258 16 <LOD 6 <LOD 21 <LOD 3.1 <LOD 8 6.6 1.2 <LOD 2.3 <LOD 1.4 <LOD 117
14/10/2015 9:44:49 #21 1.6 X234 Soil 29 29 30 87.77 <LOD 8 <LOD 6 <LOD 1.6 1760 19 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 6.8 1.2 <LOD 2.3 <LOD 1.5 164 43
14/10/2015 10:04:51 #30 2.7 X243 Soil 29 28 30 87.35 <LOD 7 <LOD 6 <LOD 1.6 870 13 <LOD 6 <LOD 21 <LOD 3 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 409 47
14/10/2015 10:06:58 #31 2.7 X244 Soil 29 28 30 87.33 <LOD 7 <LOD 6 <LOD 1.5 1182 15 <LOD 7 <LOD 22 <LOD 3 <LOD 8 5.1 1.1 <LOD 2.2 <LOD 1.4 342 45
14/10/2015 10:01:28 #28 2.9 X241 Soil 29 28 8 64.82 22 6 <LOD 6 <LOD 1.5 3139 25 17 5 <LOD 21 6.4 1.1 <LOD 8 42.7 1.6 3.9 0.8 <LOD 1.4 678 114
14/10/2015 10:02:58 #29 2.9 X242 Soil 29 29 18 75.93 28 4 8 2 <LOD 1.5 6781 40 <LOD 10 <LOD 21 31.3 1.4 12 3 37.1 1.6 <LOD 3.1 <LOD 1.4 1524 102
14/10/2015 9:56:01 #26 3 X239 Soil 29 28 7 64.26 64 9 8 2 <LOD 1.6 13965 68 91 8 <LOD 20 10.8 1.2 33 3 100 2 6.2 0.9 <LOD 1.4 2472 202
14/10/2015 9:57:12 #27 3 X240 Soil 29 28 4 60.97 70 11 11 2 <LOD 1.6 8369 46 62 9 <LOD 20 5.5 1.1 25 3 21.5 1.4 4.7 0.8 <LOD 1.4 1021 191
14/10/2015 9:47:16 #22 4 X235 Soil 29 28 30 87.23 48 4 16 2 <LOD 1.7 16012 79 133 4 <LOD 22 8.5 1.2 27 3 34.2 1.6 8.5 1 <LOD 1.6 4954 140
14/10/2015 9:49:11 #23 4 X236 Soil 29 29 30 87.35 59 5 14 2 1.9 0.6 18216 88 114 4 <LOD 22 9.9 1.2 28 3 34.8 1.7 7.3 1 <LOD 1.6 5073 145
14/10/2015 9:53:17 #24 5 X237 Soil 29 28 25 82.43 81 6 15 2 <LOD 1.7 20579 96 109 5 <LOD 21 9.2 1.2 39 3 42 1.7 14.6 1 <LOD 1.6 5864 168
14/10/2015 9:54:44 #25 5 X238 Soil 29 29 8 65.24 87 11 8 2 <LOD 1.7 21473 101 118 9 <LOD 22 10.9 1.3 31 3 38.5 1.7 13.4 1 <LOD 1.6 6554 338
12/10/2015 9:39:45 #2 GW25 0.2 X1 Soil 29 29.33 <LOD 76 106 9 <LOD 4.5 23038 267 289 28 <LOD 25 119 6 53 10 195 8 <LOD 13 <LOD 4.2
12/10/2015 9:42:35 #3 0.2 X1 Soil 29 29 30 88.29 29 5 114 4 <LOD 2.1 19182 108 246 6 <LOD 26 127 3 44 4 257 4 <LOD 6 <LOD 1.9 19750 348
12/10/2015 9:47:40 #4 0.4 X2 Soil 29 29 30 88.05 121 7 89 4 <LOD 2 28401 143 351 7 <LOD 25 202 3 53 4 284 4 <LOD 7 <LOD 1.9 3651 149
12/10/2015 9:51:39 #5 0.5 X3 Soil 29 29 30 88.34 91 8 114 5 <LOD 2.5 49976 262 502 10 <LOD 28 261 4 75 6 1499 12 11 3 <LOD 2.2 4098 187
12/10/2015 9:55:26 #6 0.7 X4 Soil 29 29 30 88.21 122 9 196 5 <LOD 2.4 53109 269 523 10 <LOD 28 318 4 96 6 589 7 19 3 <LOD 2.3 2099 146
12/10/2015 10:03:46 #7 1.3 X5 Soil 29 29 30 87.85 125 8 39 3 2.5 0.8 48900 239 615 10 <LOD 26 125 3 116 6 185 4 13 2 <LOD 2 738 101
12/10/2015 11:10:17 #8 1.5 X6 Soil 29 29 30 87.63 16 3 <LOD 6 <LOD 1.5 3789 29 12 3 <LOD 21 4.9 1.1 <LOD 8 15.5 1.3 2.6 0.8 <LOD 1.4 219 48
12/10/2015 11:13:05 #9 1.7 X7 Soil 29 29 30 87.67 72 5 70 3 <LOD 1.8 12268 66 135 4 <LOD 23 98 2 24 3 130 3 <LOD 4.9 <LOD 1.6 464 63
12/10/2015 11:15:25 #10 1.9 X8 Soil 29 29 30 87.77 19 3 <LOD 6 <LOD 1.5 862 13 <LOD 7 <LOD 22 5.4 1.1 <LOD 8 7.9 1.2 <LOD 2.4 <LOD 1.5 <LOD 110
12/10/2015 11:18:12 #11 1.9 X9 Soil 29 29 30 88.35 <LOD 9 <LOD 7 <LOD 1.8 1250 18 <LOD 8 <LOD 24 7.4 1.3 <LOD 9 19.8 1.6 <LOD 2.7 <LOD 1.6 <LOD 136
12/10/2015 11:20:50 #12 2.1 X10 Soil 29 29 30 88.02 56 5 101 3 <LOD 1.9 11096 64 80 4 <LOD 24 179 3 23 3 220 4 <LOD 7 <LOD 1.8 1053 81
12/10/2015 11:23:36 #13 2.1 X11 Soil 29 29 30 87.99 185 6 127 4 <LOD 1.8 12908 73 65 4 <LOD 24 161 3 32 4 234 4 <LOD 6 <LOD 1.8 999 79
12/10/2015 11:31:40 #14 2.3 X12 Soil 29 29 30 87.97 <LOD 9 26 3 <LOD 1.7 4017 32 <LOD 9 <LOD 23 11.6 1.2 <LOD 9 11.2 1.4 3.6 1 <LOD 1.6 708 67
12/10/2015 11:33:37 #15 2.3 X13 Soil 29 29 30 88.21 25 4 19 3 <LOD 1.8 5169 39 10 3 <LOD 24 15.6 1.4 <LOD 9 14.3 1.5 5.9 1.1 <LOD 1.6 693 74
12/10/2015 11:36:28 #16 2.5 X14 Soil 29 29 30 87.57 <LOD 8 <LOD 6 <LOD 1.6 1737 19 <LOD 7 <LOD 22 <LOD 3.1 <LOD 8 3.8 1.1 <LOD 2.3 <LOD 1.4 <LOD 110
12/10/2015 11:39:18 #17 2.5 X15 Soil 29 29 30 87.75 <LOD 8 <LOD 6 <LOD 1.6 1723 19 <LOD 7 <LOD 22 3.4 1.1 <LOD 8 4.4 1.1 <LOD 2.3 <LOD 1.4 <LOD 114
12/10/2015 11:42:20 #18 2.7 X16 Soil 29 29 30 87.54 26 3 <LOD 6 <LOD 1.6 2660 23 <LOD 7 <LOD 21 5.8 1.1 <LOD 8 7.3 1.2 <LOD 2.4 <LOD 1.4 <LOD 119
12/10/2015 11:44:25 #19 2.7 X17 Soil 29 29 30 87.56 21 3 <LOD 6 <LOD 1.5 2096 20 <LOD 7 <LOD 21 5.5 1.1 <LOD 8 6.1 1.2 <LOD 2.4 <LOD 1.4 118 39
12/10/2015 11:46:50 #20 2.9 X18 Soil 29 29 30 87.68 <LOD 7 <LOD 5.9 <LOD 1.5 484 10 <LOD 6 <LOD 21 <LOD 3 <LOD 7 <LOD 3 <LOD 2.2 <LOD 1.4 <LOD 104
12/10/2015 11:48:59 #21 2.9 X19 Soil 29 29 30 87.69 20 3 <LOD 5.9 <LOD 1.5 449 10 <LOD 6 <LOD 22 <LOD 3.1 <LOD 8 <LOD 3.2 <LOD 2.2 <LOD 1.5 <LOD 107
12/10/2015 11:51:43 #22 3.1 X20 Soil 29 29 30 87.74 <LOD 7 <LOD 5.9 <LOD 1.5 700 12 <LOD 7 <LOD 22 <LOD 3.1 <LOD 7 <LOD 3.2 <LOD 2.3 <LOD 1.4 <LOD 103
12/10/2015 11:53:28 #23 3.1 X21 Soil 29 29 30 87.75 <LOD 8 <LOD 6 <LOD 1.7 1111 15 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 <LOD 3.4 2.5 0.8 <LOD 1.5 <LOD 117
12/10/2015 12:03:21 #24 3.5 X22 Soil 29 29 30 87.49 <LOD 7 <LOD 6 <LOD 1.5 962 14 <LOD 6 <LOD 21 <LOD 3.1 <LOD 8 4.9 1.1 <LOD 2.3 <LOD 1.4 319 45
12/10/2015 12:05:13 #25 3.5 X23 Soil 29 29 30 87.58 <LOD 7 <LOD 5.7 <LOD 1.5 540 10 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.1 <LOD 2.2 <LOD 1.4 239 42
12/10/2015 12:07:43 #26 4 X24 Soil 29 29 30 87.47 <LOD 6 <LOD 5.9 <LOD 1.5 432 9 <LOD 6 <LOD 21 <LOD 3 <LOD 7 <LOD 3.1 <LOD 2.2 <LOD 1.4 147 38
12/10/2015 12:09:30 #27 4 X25 Soil 29 28 30 87.36 <LOD 6 <LOD 5.9 <LOD 1.5 610 11 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 194 39
12/10/2015 12:12:28 #28 4.5 X26 Soil 29 28 30 87.42 <LOD 7 <LOD 5.9 <LOD 1.5 1233 15 <LOD 6 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.1 <LOD 2.2 <LOD 1.4 572 53
12/10/2015 12:14:35 #29 4.5 X27 Soil 29 29 30 87.63 <LOD 7 <LOD 6 <LOD 1.6 540 11 <LOD 5.9 <LOD 22 <LOD 3 <LOD 7 <LOD 3.1 <LOD 2.2 <LOD 1.4 317 47
12/10/2015 12:16:51 #30 5 X28 Soil 29 28 30 87.4 <LOD 6 <LOD 5.8 <LOD 1.5 408 9 <LOD 5.8 <LOD 21 <LOD 2.9 <LOD 7 <LOD 3.1 <LOD 2.1 <LOD 1.4 216 40
12/10/2015 12:18:55 #31 5 X29 Soil 29 29 30 87.78 <LOD 7 <LOD 6 <LOD 1.6 247 8 <LOD 6 <LOD 22 <LOD 3 <LOD 8 <LOD 3.1 <LOD 2.2 <LOD 1.4 218 45
12/10/2015 16:35:38 #80 GW26 0.3 X76 Soil 29 29 30 88.01 68 6 471 7 <LOD 2.2 29677 148 345 7 <LOD 25 580 5 58 5 1037 9 15 4 <LOD 2.1 2502 130
12/10/2015 16:37:34 #81 0.3 X77 Soil 29 29 30 87.73 66 6 397 6 <LOD 2.2 23550 117 349 7 <LOD 25 487 5 45 4 2033 13 <LOD 10 <LOD 2 2173 120
12/10/2015 16:40:20 #82 0.7 X78 Soil 29 29 30 87.89 90 6 523 7 <LOD 2.3 26298 133 392 7 <LOD 25 644 6 53 4 1341 10 13 4 <LOD 2.2 3517 141
12/10/2015 16:42:20 #83 0.7 X79 Soil 29 29 30 87.98 74 6 465 7 <LOD 2.4 32038 163 352 7 <LOD 25 729 6 51 5 1718 12 <LOD 13 <LOD 2.4 3222 140
12/10/2015 16:44:48 #84 0.7 X80 Soil 29 29 30 88.14 60 6 268 5 <LOD 2.1 36271 180 281 6 <LOD 25 581 6 51 5 931 8 <LOD 12 <LOD 2.2 2551 128
12/10/2015 16:47:30 #85 0.9 X81 Soil 29 29 30 87.92 71 7 619 8 <LOD 2.4 36758 183 410 8 <LOD 25 643 6 63 5 1723 12 23 4 <LOD 2.3 3626 151
12/10/2015 16:49:29 #86 0.9 X82 Soil 29 29 30 88.09 80 7 451 7 <LOD 2.4 39198 197 396 8 <LOD 26 643 6 61 5 1193 10 14 4 <LOD 2.3 3303 149
12/10/2015 16:51:39 #87 0.9 X83 Soil 29 29 30 88.07 85 7 461 7 <LOD 2.3 36241 183 350 7 <LOD 26 686 6 70 5 1246 10 <LOD 13 <LOD 2.4 2994 142
12/10/2015 16:54:34 #88 1.1 X84 Soil 29 29 30 87.86 95 7 761 9 <LOD 2.4 35070 174 442 8 <LOD 26 736 6 64 5 2091 14 <LOD 13 <LOD 2.3 3543 150
12/10/2015 16:56:23 #89 1.1 X85 Soil 29 29 30 87.89 61 6 1167 11 <LOD 2.2 30525 149 333 7 <LOD 24 501 5 87 5 1702 12 25 4 <LOD 2.1 3372 142
12/10/2015 16:58:09 #90 1.1 X86 Soil 29 29 30 88.02 51 6 668 8 <LOD 2.3 30529 156 298 7 <LOD 26 460 5 40 4 1919 13 <LOD 11 <LOD 2.2 2988 137
12/10/2015 17:01:18 #91 1.3 X87 Soil 29 29 30 87.91 51 6 204 5 <LOD 2 25117 125 203 6 <LOD 24 146 3 26 4 446 5 15 2 <LOD 1.8 1413 101
12/10/2015 17:03:20 #92 1.3 X88 Soil 29 29 30 87.79 57 6 107 4 <LOD 1.9 24077 120 336 7 <LOD 24 161 3 33 4 377 5 12 2 <LOD 1.8 1890 110
12/10/2015 17:05:25 #93 1.3 X89 Soil 29 29 30 87.81 46 6 155 4 <LOD 2 27435 134 244 6 <LOD 24 212 3 30 4 670 7 <LOD 7 <LOD 1.8 1752 107
13/10/2015 9:04:11 #2 1.6 X90 Soil 29 29 30 87.67 49 5 45 3 <LOD 1.8 15865 83 109 4 <LOD 23 44.2 1.7 31 4 105 3 11.4 1.4 <LOD 1.6 527 67
13/10/2015 9:05:53 #3 1.6 X91 Soil 29 29 30 87.79 37 4 23 3 <LOD 1.8 13639 74 76 4 25 8 30.7 1.5 12 3 73 2 7.1 1.2 <LOD 1.6 524 66
13/10/2015 9:08:39 #4 1.8 X92 Soil 29 29 30 87.61 <LOD 8 10 2 <LOD 1.7 2028 20 11 2 <LOD 22 14.3 1.2 <LOD 8 25 1.5 <LOD 2.8 <LOD 1.5 236 45
13/10/2015 9:10:43 #5 1.8 X93 Soil 29 29 30 87.72 <LOD 8 <LOD 7 <LOD 1.7 3742 29 13 3 <LOD 22 7.6 1.1 <LOD 8 35.1 1.6 4.9 0.9 <LOD 1.5 231 47
13/10/2015 9:12:47 #6 2.1 X94 Soil 29 28 30 87.26 25 3 6 2 <LOD 1.7 3085 25 20 3 <LOD 21 6 1.1 11 3 67.9 2 2.7 0.8 <LOD 1.5 207 42
13/10/2015 9:15:28 #7 2.1 X95 Soil 29 28 30 87.3 <LOD 8 <LOD 6 <LOD 1.6 2202 21 <LOD 7 <LOD 22 4 1.1 <LOD 8 42.5 1.7 3.5 0.8 <LOD 1.4 135 40
13/10/2015 9:21:18 #8 2.5 X96 Soil 29 28 30 87.24 <LOD 7 <LOD 6 <LOD 1.6 718 12 26 2 <LOD 21 <LOD 3 <LOD 7 7.6 1.2 <LOD 2.2 <LOD 1.4 138 37
13/10/2015 9:23:01 #9 2.5 X97 Soil 29 28 30 87.39 <LOD 7 <LOD 6 <LOD 1.6 868 13 8 2 <LOD 21 <LOD 2.9 <LOD 7 11 1.2 <LOD 2.2 <LOD 1.4 246 41
13/10/2015 9:25:17 #10 2.7 X98 Soil 29 28 30 87.32 63 3 <LOD 6 <LOD 1.6 4443 31 22 3 <LOD 21 3.9 1.1 <LOD 8 10.7 1.2 4 0.8 <LOD 1.4 1259 68
13/10/2015 9:27:29 #11 2.7 X99 Soil 29 28 30 87.24 15 3 <LOD 6 <LOD 1.6 2899 24 15 2 <LOD 21 <LOD 3 <LOD 8 5.3 1.1 2.8 0.8 <LOD 1.4 1228 67
13/10/2015 9:36:01 #14 3 X102 Soil 29 29 7 65.28 <LOD 17 <LOD 6 <LOD 1.6 2497 23 <LOD 15 <LOD 22 4.3 1.1 <LOD 8 5 1.2 <LOD 2.4 <LOD 1.4 882 132
13/10/2015 9:37:14 #15 3 X103 Soil 29 28 4 61.41 <LOD 25 <LOD 6 <LOD 1.6 3714 28 23 7 <LOD 22 6.8 1.1 <LOD 8 7.2 1.2 <LOD 2.5 <LOD 1.5 1280 205
13/10/2015 9:29:56 #12 3.1 X100 Soil 29 28 30 87.23 16 3 <LOD 6 <LOD 1.6 2830 24 33 3 <LOD 21 5.3 1.1 <LOD 8 5.2 1.2 <LOD 2.4 <LOD 1.5 1002 63
13/10/2015 9:32:08 #13 3.1 X101 Soil 29 28 30 87.4 15 3 <LOD 6 <LOD 1.6 2118 20 36 3 <LOD 21 3.8 1.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.4 781 59
13/10/2015 9:40:11 #16 3.5 X104 Soil 29 28 13 70.82 <LOD 11 <LOD 6 <LOD 1.6 1273 16 18 4 <LOD 21 3.4 1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.5 815 91
13/10/2015 9:41:29 #17 3.5 X105 Soil 29 28 6 63.04 <LOD 17 <LOD 6 <LOD 1.6 1276 15 <LOD 16 <LOD 21 <LOD 3.1 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 431 109
13/10/2015 9:43:08 #18 4 X106 Soil 29 28 10 66.89 <LOD 13 <LOD 6 <LOD 1.6 1086 14 15 4 <LOD 21 <LOD 3 <LOD 7 3.5 1.1 2.6 0.7 <LOD 1.4 429 82
13/10/2015 9:44:33 #19 4 X107 Soil 29 28 10 67.31 14 4 <LOD 6 <LOD 1.6 1812 19 34 4 <LOD 21 3.9 1.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.5 505 85
13/10/2015 9:47:50 #20 5 X108 Soil 29 29 30 87.69 <LOD 7 <LOD 5.9 <LOD 1.6 651 11 <LOD 6 <LOD 22 <LOD 3 <LOD 8 <LOD 3.1 <LOD 2.2 <LOD 1.4 608 57
13/10/2015 9:52:56 #21 5 X109 Soil 29 29 30 87.64 <LOD 7 <LOD 5.9 <LOD 1.6 659 12 <LOD 6 <LOD 21 3.2 1 <LOD 7 <LOD 3.1 <LOD 2.3 <LOD 1.4 626 62
13/10/2015 16:58:16 #119 GW27 0.2 X205 Soil 29 29 30 87.99 165 9 82 4 3.8 0.8 45411 229 800 12 30 9 113 3 102 6 1148 10 12 2 <LOD 2 1611 129
13/10/2015 17:00:31 #120 0.2 X206 Soil 29 29 30 88.18 209 10 114 5 6.3 0.9 53182 280 975 14 <LOD 28 112 3 114 6 1286 11 19 2 2.7 0.8 1792 144
13/10/2015 17:02:28 #121 0.2 X207 Soil 29 29 30 88.27 168 9 90 4 4 0.9 49430 257 785 12 <LOD 28 117 3 98 6 1290 11 18 2 <LOD 2.1 1906 141
13/10/2015 17:04:39 #122 0.5 X208 Soil 29 29 30 87.68 150 8 357 6 4.9 0.9 43210 210 686 11 33 9 698 6 96 5 5239 28 <LOD 13 <LOD 2.3 3643 161
13/10/2015 17:06:26 #123 0.5 X209 Soil 29 29 30 87.83 207 9 291 6 8.8 1 48121 236 842 12 <LOD 25 641 6 109 6 4695 26 22 4 2.6 0.8 3540 163
13/10/2015 17:08:16 #124 0.5 X210 Soil 29 29 30 88.02 160 9 303 6 7.4 1 52357 265 729 11 <LOD 26 603 6 111 6 5505 31 44 4 4 0.9 4241 175
13/10/2015 17:11:05 #125 0.8 X211 Soil 29 29 30 87.55 159 8 240 5 5 0.9 40014 190 627 10 <LOD 24 478 5 107 5 5149 27 22 4 4 0.8 5446 183
13/10/2015 17:13:21 #126 0.8 X212 Soil 29 29 30 87.72 158 8 238 5 4.3 0.9 37041 184 625 10 37 8 441 5 94 5 5495 29 22 4 <LOD 2.2 7001 213
13/10/2015 17:15:11 #127 0.8 X213 Soil 29 29 30 88.09 173 10 374 8 <LOD 3.5 104784 560 974 15 <LOD 29 767 8 131 8 9151 53 38 6 <LOD 3 4743 204
13/10/2015 17:17:46 #128 0.8 X214 Soil 29 29 30 87.96 145 8 262 6 3.9 0.9 40722 204 641 11 27 9 488 5 97 5 5018 28 21 4 <LOD 2.3 4629 182
14/10/2015 8:44:43 #2 1.3 X215 Soil 29 29 30 88.1 80 6 24 3 <LOD 2.1 20858 113 214 6 <LOD 25 23.1 1.6 49 4 340 5 <LOD 3.7 <LOD 1.9 <LOD 191
14/10/2015 8:46:10 #3 1.3 X216 Soil 29 29 12 70.24 114 11 34 3 3.2 0.7 23933 128 129 8 <LOD 26 20.7 1.6 36 4 136 3 6.4 1.3 2.1 0.6 <LOD 302
14/10/2015 8:48:58 #4 1.6 X217 Soil 29 29 13 70.36 32 6 <LOD 7 <LOD 1.7 5481 38 <LOD 14 <LOD 23 4.8 1.1 <LOD 9 102 2 3.1 0.9 <LOD 1.5 <LOD 222
14/10/2015 8:50:22 #5 1.6 X218 Soil 29 29 4 62.03 35 12 <LOD 7 <LOD 1.7 7054 46 <LOD 26 <LOD 24 4.4 1.2 10 3 119 3 8.2 0.9 <LOD 1.6 <LOD 397
14/10/2015 8:52:10 #6 1.8 X219 Soil 29 29 7 64.53 <LOD 18 <LOD 6 <LOD 1.6 2218 22 <LOD 16 <LOD 22 <LOD 3.2 11 3 59.7 1.9 2.5 0.8 <LOD 1.5 <LOD 273
14/10/2015 8:53:30 #7 1.8 X220 Soil 29 29 6 64 20 7 <LOD 7 <LOD 1.6 2128 21 <LOD 16 <LOD 22 4.6 1.1 <LOD 8 59.4 1.9 <LOD 2.5 <LOD 1.5 <LOD 290
14/10/2015 9:07:59 #14 2.5 X227 Soil 29 29 2 59.85 <LOD 30 <LOD 6 <LOD 1.7 1639 19 <LOD 28 <LOD 23 <LOD 3.2 <LOD 8 11.2 1.3 <LOD 2.4 <LOD 1.5 <LOD 384
14/10/2015 9:09:20 #15 2.5 X228 Soil 29 29 12 70.03 <LOD 11 <LOD 6 <LOD 1.7 1241 16 <LOD 11 <LOD 23 <LOD 3.3 <LOD 8 5.8 1.2 3 0.8 <LOD 1.5 <LOD 180
14/10/2015 8:55:49 #8 2.9 X221 Soil 29 29 14 72.24 21 4 <LOD 6 <LOD 1.6 3259 27 <LOD 11 <LOD 22 5.6 1.1 <LOD 8 14.1 1.3 3.5 0.9 <LOD 1.4 1119 104
14/10/2015 8:57:32 #9 2.9 X222 Soil 29 29 30 87.82 <LOD 9 <LOD 6 <LOD 1.6 2512 23 <LOD 7 <LOD 22 4 1.1 <LOD 8 9.7 1.3 3.5 0.8 <LOD 1.5 577 62
14/10/2015 9:00:20 #10 3.9 X223 Soil 29 28 7 64.12 <LOD 14 <LOD 5.8 <LOD 1.6 759 12 <LOD 14 <LOD 21 <LOD 3 <LOD 7 3.8 1.1 <LOD 2.2 <LOD 1.4 <LOD 267
14/10/2015 9:01:52 #11 3.9 X224 Soil 29 29 22 80.1 <LOD 8 <LOD 5.8 <LOD 1.6 978 14 <LOD 8 <LOD 21 <LOD 3.1 <LOD 8 7.1 1.2 <LOD 2.3 <LOD 1.5 586 62
14/10/2015 9:03:11 #12 4.9 X225 Soil 29 28 5 62.87 <LOD 14 <LOD 5.9 <LOD 1.5 740 12 <LOD 14 <LOD 21 <LOD 3 <LOD 7 <LOD 3.2 <LOD 2.2 <LOD 1.4 726 134
14/10/2015 9:04:27 #13 4.9 X226 Soil 29 29 7 64.7 <LOD 15 <LOD 6 <LOD 1.6 945 14 <LOD 14 <LOD 22 <LOD 3.1 <LOD 8 <LOD 3.4 <LOD 2.3 <LOD 1.5 387 105
14/10/2015 10:23:33 #32 GW28 0.1 X245 Soil 29 29 30 87.98 74 5 41 3 <LOD 1.9 21437 109 214 5 <LOD 23 61.3 1.9 82 4 147 3 11.5 1.6 <LOD 1.8 648 77
14/10/2015 10:26:28 #33 0.1 X246 Soil 29 29 30 88.19 76 6 48 3 <LOD 1.9 20539 108 190 5 <LOD 24 58.5 1.9 49 4 154 3 6.7 1.5 <LOD 1.8 562 79
14/10/2015 10:28:19 #34 0.1 X247 Soil 29 29 30 87.9 69 6 35 3 <LOD 1.8 20757 102 192 5 <LOD 22 53.8 1.8 59 4 126 3 7.4 1.4 <LOD 1.6 551 78
14/10/2015 10:30:10 #35 0.3 X248 Soil 29 29 30 87.94 89 6 266 5 <LOD 2.2 32746 163 355 7 <LOD 25 230 3 73 5 460 6 9 3 <LOD 2 728 94
14/10/2015 10:31:41 #36 0.3 X249 Soil 29 29 14 72.89 76 10 206 5 <LOD 2.2 31541 166 379 11 <LOD 26 230 4 61 5 454 6 8 3 <LOD 2 675 144
14/10/2015 10:33:22 #37 0.3 X250 Soil 29 29 14 72.03 71 10 182 5 <LOD 2.2 25717 137 312 11 <LOD 26 197 3 49 5 369 5 <LOD 8 <LOD 2 708 145
14/10/2015 10:35:06 #38 0.5 X251 Soil 29 29 30 88.01 79 6 282 5 3.4 0.8 29922 152 308 7 <LOD 25 215 3 72 5 494 6 9 3 <LOD 2 818 93
14/10/2015 10:37:15 #39 0.5 X252 Soil 29 29 30 88.18 60 6 286 6 <LOD 2.2 28220 147 315 7 <LOD 26 215 3 51 5 425 5 12 3 <LOD 2 597 90
14/10/2015 10:38:59 #40 0.5 X253 Soil 29 29 30 88.06 97 6 1448 13 2.5 0.8 29896 156 464 8 <LOD 26 238 4 70 5 606 7 <LOD 8 <LOD 2.1 698 90
14/10/2015 10:40:46 #41 0.5 X254 Soil 29 29 30 87.94 74 6 280 5 <LOD 2.1 28390 142 344 7 <LOD 25 183 3 75 5 451 5 13 2 <LOD 1.9 913 96
14/10/2015 10:42:36 #42 0.7 X255 Soil 29 29 30 87.99 77 6 166 4 3.1 0.8 32621 162 296 7 <LOD 24 292 4 83 5 353 5 <LOD 9 <LOD 2 1229 106
14/10/2015 10:47:09 #43 0.7 X256 Soil 29 29 14 72.55 71 8 159 4 2.1 0.7 22240 109 220 8 <LOD 23 321 4 75 4 295 4 11 3 <LOD 1.9 2130 158
14/10/2015 10:49:06 #44 0.7 X257 Soil 29 29 30 88.27 69 6 188 5 <LOD 2.3 27760 147 283 7 <LOD 26 319 4 74 5 351 5 21 3 <LOD 2.1 1360 111
14/10/2015 10:50:42 #45 0.7 X258 Soil 29 29 23 81.18 99 7 169 4 2.7 0.7 26394 133 276 7 <LOD 25 317 4 88 5 328 5 <LOD 9 <LOD 1.9 1237 118
15/10/2015 14:34:58 #109 0.9 X451 Soil 29 29 30 87.73 20 4 53 3 2.2 0.6 10096 60 76 4 <LOD 24 80 2 27 3 106 3 8.1 1.6 <LOD 1.7 335 62
15/10/2015 14:37:44 #110 0.9 X452 Soil 29 29 30 87.62 12 4 41 3 <LOD 1.8 7775 48 67 4 <LOD 23 71.6 1.9 12 3 82 2 <LOD 4.3 <LOD 1.6 543 67
15/10/2015 14:39:30 #111 0.9 X453 Soil 29 29 30 87.68 42 4 92 3 <LOD 1.8 7879 49 49 3 <LOD 24 80 2 20 3 100 2 <LOD 4.7 <LOD 1.6 637 68
15/10/2015 14:41:36 #112 1.1 X454 Soil 29 29 30 87.49 <LOD 8 <LOD 6 <LOD 1.7 2689 24 20 3 <LOD 22 4.9 1.1 <LOD 8 15.9 1.4 <LOD 2.5 <LOD 1.5 203 43
15/10/2015 14:43:18 #113 1.1 X455 Soil 29 29 30 87.56 <LOD 8 7 2 <LOD 1.7 2800 24 15 3 <LOD 22 4.4 1.1 <LOD 8 18.2 1.4 2.8 0.8 <LOD 1.5 187 43
15/10/2015 14:45:02 #114 1.1 X456 Soil 29 29 30 87.67 10 3 7 2 <LOD 1.7 2722 24 <LOD 7 <LOD 22 3.6 1.1 <LOD 8 15.5 1.4 <LOD 2.4 <LOD 1.5 174 44
15/10/2015 14:47:40 #115 1.3 X457 Soil 29 29 30 87.52 <LOD 7 <LOD 6 <LOD 1.6 2329 22 <LOD 7 <LOD 21 3.3 1 <LOD 8 3.8 1.1 <LOD 2.3 <LOD 1.4 <LOD 113
15/10/2015 14:49:48 #116 1.3 X458 Soil 29 29 30 87.62 <LOD 7 <LOD 6 <LOD 1.6 1713 18 <LOD 7 <LOD 21 <LOD 3.1 <LOD 8 <LOD 3.3 <LOD 2.3 <LOD 1.5 <LOD 116
15/10/2015 14:51:38 #117 1.3 X459 Soil 29 29 30 87.52 <LOD 8 <LOD 6 <LOD 1.6 2019 20 <LOD 7 <LOD 21 <LOD 3.1 <LOD 7 <LOD 3.2 2.7 0.8 <LOD 1.4 <LOD 112
15/10/2015 14:53:42 #118 1.3 X460 Soil 29 28 30 87.23 23 4 10 2 <LOD 1.6 7175 44 56 3 <LOD 22 <LOD 3.2 16 3 15.2 1.4 4.7 0.8 <LOD 1.5 <LOD 135
15/10/2015 14:56:04 #119 1.3 X461 Soil 29 28 30 87.37 <LOD 7 <LOD 6 <LOD 1.6 1561 17 <LOD 7 <LOD 22 <LOD 3 <LOD 8 3.4 1.1 2.6 0.7 <LOD 1.4 <LOD 106
14/10/2015 10:52:49 #46 1.5 X259 Soil 29 29 30 87.5 43 4 26 3 <LOD 1.7 10566 59 78 4 <LOD 23 21.4 1.4 30 3 64 2 5.5 1.1 <LOD 1.6 261 52
14/10/2015 10:54:36 #47 1.5 X260 Soil 29 29 30 87.5 54 4 21 2 <LOD 1.7 5602 37 53 3 <LOD 22 20.2 1.3 18 3 51.9 1.9 <LOD 3 <LOD 1.6 173 47
14/10/2015 10:56:33 #48 1.6 X261 Soil 29 29 30 87.51 <LOD 7 <LOD 6 <LOD 1.6 1423 16 <LOD 6 <LOD 21 4.8 1.1 <LOD 8 3.5 1.1 <LOD 2.3 <LOD 1.4 <LOD 107
14/10/2015 10:58:43 #49 1.6 X262 Soil 29 28 27 84.75 8 3 <LOD 6 <LOD 1.6 2224 21 <LOD 7 <LOD 21 <LOD 3.1 <LOD 8 5.3 1.1 <LOD 2.3 <LOD 1.5 261 45
14/10/2015 11:00:33 #50 2 X263 Soil 29 28 30 87.17 11 3 <LOD 6 <LOD 1.5 2287 21 10 2 <LOD 21 3.4 1 <LOD 8 5.3 1.1 <LOD 2.3 <LOD 1.4 770 57
14/10/2015 11:02:32 #51 2 X264 Soil 29 29 30 87.7 16 3 <LOD 6 <LOD 1.6 4795 34 26 3 <LOD 22 4.7 1.1 <LOD 8 9.1 1.2 3.4 0.8 <LOD 1.5 1076 73
14/10/2015 11:21:10 #60 2.4 X273 Soil 29 29 30 87.62 <LOD 8 <LOD 6 <LOD 1.6 3656 29 <LOD 8 <LOD 22 4.3 1.1 <LOD 8 6.5 1.2 2.8 0.8 <LOD 1.5 1432 78
14/10/2015 11:23:10 #61 2.4 X274 Soil 29 29 30 87.53 10 3 <LOD 6 <LOD 1.6 3231 26 8 2 <LOD 22 4.7 1.1 <LOD 8 7.7 1.2 3.3 0.8 <LOD 1.4 1425 76
14/10/2015 11:04:46 #52 2.5 X265 Soil 29 28 30 87.35 61 4 <LOD 6 <LOD 1.5 9086 50 30 3 <LOD 20 6.8 1.1 15 3 14.2 1.3 5 0.9 <LOD 1.5 1245 76
14/10/2015 11:07:15 #53 2.5 X266 Soil 29 28 30 87.14 52 4 7 2 <LOD 1.6 8312 46 38 3 <LOD 20 4.6 1.1 11 3 17.8 1.3 4.6 0.8 <LOD 1.4 1331 76
14/10/2015 11:16:54 #58 3 X271 Soil 29 29 30 87.53 63 4 37 3 <LOD 1.7 6631 41 34 3 24 7 66.5 1.8 17 3 14.4 1.4 13.2 1.4 <LOD 1.6 1076 73
14/10/2015 11:18:34 #59 3 X272 Soil 29 29 30 87.62 61 5 9 2 <LOD 1.7 12919 68 102 4 <LOD 22 56.2 1.7 26 3 17 1.4 20.8 1.5 <LOD 1.6 5265 149
14/10/2015 11:09:19 #54 4 X267 Soil 29 29 30 87.71 60 5 <LOD 7 <LOD 1.6 13703 72 72 4 <LOD 22 7 1.2 20 3 23.5 1.5 9 1 <LOD 1.6 4416 141
14/10/2015 11:11:25 #55 4 X268 Soil 29 29 30 87.54 60 5 11 2 <LOD 1.7 15418 78 86 4 <LOD 22 6.1 1.2 23 3 28 1.6 10.2 1 <LOD 1.5 5168 148
14/10/2015 11:13:19 #56 5 X269 Soil 29 29 30 87.65 31 3 <LOD 6 <LOD 1.6 4607 33 29 3 <LOD 21 6.8 1.1 <LOD 8 7.8 1.2 <LOD 2.5 <LOD 1.4 413 57
14/10/2015 11:15:03 #57 5 X270 Soil 29 29 30 87.68 23 3 <LOD 5.9 <LOD 1.6 3732 28 19 3 <LOD 22 6 1.1 <LOD 8 7.2 1.2 <LOD 2.4 <LOD 1.5 483 57
11/11/2015 13:55:44 #99 GW29 0.1 XRF313 Soil 29 29 30 88.01 105 6 59 3 <LOD 2.1 20832 112 300 7 <LOD 25 339 4 41 4 370 5 <LOD 9 <LOD 2 1176 99
11/11/2015 13:57:39 #100 0.1 XRF314 Soil 29 29 30 87.9 149 7 66 3 3.4 0.8 24805 129 358 7 <LOD 26 365 4 48 4 394 5 <LOD 10 <LOD 2.1 1508 106
11/11/2015 13:59:17 #101 0.1 XRF315 Soil 29 29 30 87.69 71 5 56 3 <LOD 2 16670 89 283 6 <LOD 24 291 4 37 4 440 5 <LOD 8 <LOD 1.9 1053 90
11/11/2015 14:01:12 #102 0.5 XRF316 Soil 29 29 30 87.78 42 5 34 3 <LOD 2 12252 71 151 5 <LOD 25 157 3 27 4 177 3 <LOD 6 2.8 0.6 546 72
11/11/2015 14:02:53 #103 0.5 XRF317 Soil 29 29 30 87.75 48 4 32 3 <LOD 1.9 9912 60 130 5 <LOD 25 130 2 33 4 133 3 <LOD 5.8 <LOD 1.8 565 71
11/11/2015 14:04:54 #104 0.5 XRF318 Soil 29 29 30 87.77 26 4 27 3 <LOD 2 11384 67 134 5 <LOD 25 131 3 38 4 161 3 <LOD 5.9 <LOD 1.8 705 78
11/11/2015 14:06:45 #105 1 XRF319 Soil 29 29 30 87.68 18 4 21 3 2.2 0.7 18175 96 107 5 <LOD 25 75 2 24 4 103 3 <LOD 4.7 <LOD 1.8 558 75
11/11/2015 14:08:26 #106 1 XRF320 Soil 29 29 30 87.63 15 4 22 3 <LOD 1.9 16400 87 91 4 <LOD 24 65.7 1.9 25 4 93 2 <LOD 4.4 <LOD 1.7 280 62
11/11/2015 14:10:24 #107 1 XRF321 Soil 29 29 30 87.61 18 3 20 2 <LOD 1.8 4998 36 70 3 <LOD 23 72.7 1.9 14 3 91 2 <LOD 4.4 <LOD 1.6 479 58
11/11/2015 14:12:18 #108 1.5 XRF322 Soil 29 29 30 87.7 <LOD 8 8 2 <LOD 1.8 2180 22 <LOD 8 <LOD 23 20.4 1.4 11 3 30 1.6 <LOD 3.1 <LOD 1.6 145 44
11/11/2015 14:17:49 #109 1.5 XRF323 Soil 29 29 30 87.58 <LOD 7 7 2 <LOD 1.7 670 12 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 11.2 1.3 4.7 0.8 <LOD 1.6 <LOD 120
11/11/2015 14:19:33 #110 1.5 XRF324 Soil 29 29 30 87.92 19 3 27 3 2 0.7 9036 57 63 3 <LOD 24 18.2 1.4 37 4 64 2 6.4 1.1 2.2 0.6 550 61
11/11/2015 14:22:26 #111 1.5 XRF325 Soil 29 29 30 87.58 <LOD 10 20 3 <LOD 2.2 4671 36 <LOD 9 <LOD 24 848 7 14 3 846 7 21 5 <LOD 2.2 908 75
11/11/2015 14:24:18 #112 1.5 XRF326 Soil 29 29 30 87.52 <LOD 9 9 2 <LOD 1.8 7969 49 39 3 <LOD 23 35.3 1.5 10 3 633 6 <LOD 3.5 <LOD 1.6 218 50
11/11/2015 14:25:58 #113 1.5 XRF327 Soil 29 29 30 87.5 <LOD 9 13 2 <LOD 1.7 3374 28 22 3 <LOD 23 20.6 1.3 <LOD 9 197 3 <LOD 3.1 <LOD 1.6 259 49
11/11/2015 14:27:54 #114 1.5 XRF328 Soil 29 29 30 87.55 15 3 13 2 <LOD 1.7 3833 30 9 3 <LOD 23 28.2 1.4 11 3 343 4 <LOD 3.3 <LOD 1.6 142 46
11/11/2015 14:30:27 #115 2 XRF329 Soil 29 29 30 87.87 <LOD 9 <LOD 7 <LOD 1.9 2498 25 13 3 <LOD 25 <LOD 3.6 <LOD 9 6.1 1.3 5.3 0.9 <LOD 1.7 516 99
11/11/2015 14:32:14 #116 2 XRF330 Soil 29 29 30 87.75 <LOD 8 8 2 <LOD 1.9 2326 24 <LOD 8 <LOD 25 <LOD 3.6 12 3 5.8 1.3 6.1 0.9 <LOD 1.7 334 88
11/11/2015 14:34:17 #117 2 XRF331 Soil 29 29 24 82.18 <LOD 10 11 3 <LOD 1.9 3023 29 11 3 <LOD 26 <LOD 3.7 15 3 6.3 1.4 9.5 1 <LOD 1.8 388 115
11/11/2015 14:36:04 #118 2.5 XRF332 Soil 29 29 22 79.53 <LOD 8 <LOD 6 <LOD 1.6 1078 15 <LOD 7 24 7 <LOD 2.9 <LOD 8 4.8 1.2 3.9 0.7 <LOD 1.5 <LOD 128
11/11/2015 14:37:45 #119 2.5 XRF333 Soil 29 29 30 87.48 <LOD 7 8 2 <LOD 1.7 995 14 <LOD 7 <LOD 23 <LOD 2.8 <LOD 8 <LOD 3.4 5.2 0.7 <LOD 1.5 <LOD 115
11/11/2015 14:39:50 #120 2.5 XRF334 Soil 29 29 22 79.23 <LOD 9 <LOD 6 <LOD 1.7 1029 15 <LOD 7 <LOD 23 <LOD 2.9 <LOD 8 <LOD 3.4 5.9 0.8 <LOD 1.5 <LOD 144
11/11/2015 14:41:44 #121 3 XRF335 Soil 29 28 30 87.27 <LOD 8 7 2 <LOD 1.6 1163 15 <LOD 7 <LOD 22 <LOD 2.8 <LOD 8 4.9 1.2 5.1 0.7 <LOD 1.5 <LOD 109
11/11/2015 14:43:42 #122 3 XRF336 Soil 29 28 30 87.36 <LOD 8 <LOD 6 <LOD 1.6 2463 22 <LOD 7 25 7 4.7 1.1 <LOD 8 5.8 1.1 <LOD 2.4 <LOD 1.4 180 40
11/11/2015 14:46:07 #123 3 XRF337 Soil 29 28 30 87.19 <LOD 8 <LOD 5.9 <LOD 1.5 2555 22 <LOD 7 <LOD 21 <LOD 3 <LOD 8 11.2 1.2 2.7 0.8 <LOD 1.4 <LOD 109
11/11/2015 14:48:02 #124 3.5 XRF338 Soil 29 28 30 87.24 <LOD 6 7 2 <LOD 1.6 1116 15 <LOD 6 <LOD 21 <LOD 3 <LOD 8 5.2 1.1 2.5 0.7 <LOD 1.4 370 47
11/11/2015 14:49:52 #125 3.5 XRF339 Soil 29 28 30 87.25 <LOD 7 <LOD 6 <LOD 1.6 973 14 <LOD 7 <LOD 22 <LOD 2.9 <LOD 8 6.1 1.1 3.1 0.7 <LOD 1.4 283 44
11/11/2015 14:51:35 #126 3.5 XRF340 Soil 29 28 30 87.22 <LOD 6 11 2 <LOD 1.6 974 14 <LOD 6 <LOD 22 <LOD 2.9 10 3 3.8 1.1 3.9 0.7 <LOD 1.5 334 47
11/11/2015 14:53:22 #127 4 XRF341 Soil 29 28 30 87.22 <LOD 6 6 2 <LOD 1.6 532 10 <LOD 6 <LOD 21 <LOD 2.9 <LOD 8 5.7 1.1 3.2 0.7 <LOD 1.4 394 46
11/11/2015 14:54:53 #128 4 XRF342 Soil 29 28 13 70.55 <LOD 9 <LOD 6 <LOD 1.5 589 11 <LOD 9 <LOD 21 <LOD 2.8 <LOD 8 5.2 1.1 3.1 0.7 <LOD 1.4 290 65
11/11/2015 14:56:30 #129 4 XRF343 Soil 29 29 30 87.63 <LOD 7 <LOD 6 <LOD 1.6 846 13 <LOD 7 <LOD 22 <LOD 3 <LOD 8 3.9 1.1 <LOD 2.2 <LOD 1.4 471 53
13/10/2015 11:34:54 #33 GW30 0 X120 Soil 29 29 30 88.11 107 7 229 5 2.8 0.8 43060 216 718 11 <LOD 26 423 5 79 5 540 6 21 4 <LOD 2.2 1137 109
13/10/2015 11:36:41 #34 0 X121 Soil 29 29 30 88.16 144 8 211 5 <LOD 2.3 40434 205 698 11 <LOD 26 407 5 76 5 579 7 19 4 <LOD 2.2 1030 109
13/10/2015 11:38:34 #35 0 X122 Soil 29 29 30 88.15 120 7 190 5 <LOD 2.3 36980 188 562 9 <LOD 26 407 5 69 5 505 6 <LOD 10 2.3 0.7 1244 108
13/10/2015 11:40:21 #36 0 X123 Soil 29 29 30 88.1 137 8 226 5 <LOD 2.4 42241 214 661 10 <LOD 26 466 5 83 5 538 6 <LOD 11 <LOD 2.2 1284 112
13/10/2015 11:43:16 #37 0.2 X124 Soil 29 29 30 87.99 153 8 201 5 <LOD 2.3 46387 229 498 9 <LOD 26 391 5 101 5 374 5 23 3 <LOD 2.2 1024 112
13/10/2015 11:45:03 #38 0.2 X125 Soil 29 29 30 88.12 141 8 355 6 5 0.8 47162 236 480 9 <LOD 26 409 5 108 6 484 6 23 4 <LOD 2.2 1054 109
13/10/2015 11:46:47 #39 0.2 X126 Soil 29 29 30 87.99 128 8 213 5 <LOD 2.3 45450 226 481 9 <LOD 26 365 4 94 5 374 5 13 3 3.3 0.8 1058 110
13/10/2015 11:48:38 #40 0.2 X127 Soil 29 29 30 88.09 136 8 187 5 <LOD 2.4 49679 250 464 9 <LOD 27 361 4 111 6 404 5 17 3 <LOD 2.2 1131 116
13/10/2015 11:52:14 #41 0.6 X128 Soil 29 29 30 88.14 163 9 89 4 <LOD 2.4 51793 262 458 10 <LOD 27 328 4 109 6 258 4 10 3 <LOD 2.2 607 111
13/10/2015 11:54:13 #42 0.6 X129 Soil 29 29 30 88.3 118 8 102 4 <LOD 2.2 38770 200 450 9 <LOD 28 195 3 61 5 320 5 18 3 <LOD 2.1 811 113
13/10/2015 11:57:29 #43 0.8 X130 Soil 29 29 30 87.62 49 5 46 3 2.4 0.8 21682 109 202 5 <LOD 23 1141 8 30 4 563 6 <LOD 16 <LOD 2.4 1211 91
13/10/2015 11:59:17 #44 0.8 X131 Soil 29 29 30 87.59 41 4 39 3 <LOD 2.2 8815 53 136 4 <LOD 23 1254 8 17 3 597 6 21 5 2.5 0.8 823 72
13/10/2015 12:01:38 #45 0.8 X132 Soil 29 29 30 87.72 35 4 63 3 <LOD 2.2 12217 68 126 4 <LOD 23 1424 9 26 4 373 5 19 6 <LOD 2.5 792 71
13/10/2015 12:23:26 #50 1 X137 Soil 29 29 30 87.65 37 4 39 3 <LOD 2.1 8821 53 159 4 <LOD 23 968 7 16 3 327 4 <LOD 14 <LOD 2.2 1169 86
13/10/2015 12:27:01 #51 1 X138 Soil 29 29 30 87.85 53 5 44 3 <LOD 2.2 13865 77 164 5 <LOD 24 1274 9 17 3 333 4 19 6 <LOD 2.5 1241 93
13/10/2015 12:31:30 #52 1 X139 Soil 29 29 30 87.72 41 4 29 3 <LOD 2.1 10061 59 119 4 <LOD 23 864 6 22 3 476 5 <LOD 13 <LOD 2.2 1369 95
13/10/2015 12:34:26 #53 1.5 X140 Soil 29 28 30 87.36 <LOD 6 <LOD 6 <LOD 1.6 1030 14 <LOD 6 <LOD 21 13.8 1.2 <LOD 7 6 1.1 <LOD 2.6 <LOD 1.4 153 37
13/10/2015 12:36:23 #54 1.5 X141 Soil 29 28 30 87.26 <LOD 6 <LOD 6 <LOD 1.6 756 12 <LOD 6 <LOD 21 12 1.1 <LOD 8 7.8 1.2 2.9 0.9 <LOD 1.4 164 38
13/10/2015 12:39:43 #55 1.5 X142 Soil 29 28 30 87.33 <LOD 6 <LOD 5.9 <LOD 1.6 680 11 <LOD 6 <LOD 21 13.9 1.2 <LOD 8 8.1 1.2 <LOD 2.6 <LOD 1.4 208 40
13/10/2015 12:04:25 #46 1.7 X133 Soil 29 29 30 87.51 <LOD 7 9 2 <LOD 1.7 1239 16 9 2 <LOD 22 195 3 <LOD 8 17.2 1.4 <LOD 6 <LOD 1.6 360 49
13/10/2015 12:06:24 #47 1.7 X134 Soil 29 29 30 87.51 9 3 <LOD 6 <LOD 1.7 2075 21 17 3 <LOD 22 133 2 <LOD 8 29.3 1.5 9.9 1.8 <LOD 1.5 500 56
13/10/2015 12:41:52 #56 2.2 X143 Soil 29 29 30 87.5 65 4 13 2 <LOD 1.6 5426 36 24 3 <LOD 21 15.2 1.2 15 3 87 2 27.5 1.2 <LOD 1.5 332 52
13/10/2015 12:46:49 #58 2.2 X144 Soil 29 29 30 87.55 53 4 8 2 <LOD 1.7 4397 32 21 3 <LOD 22 12.5 1.2 13 3 80 2 19.8 1.1 <LOD 1.5 297 51
13/10/2015 12:12:24 #48 2.5 X135 Soil 29 29 30 87.41 24 3 <LOD 6 <LOD 1.6 3635 28 <LOD 7 <LOD 21 10.6 1.1 <LOD 8 12.8 1.3 19.1 1 <LOD 1.5 353 48
13/10/2015 12:14:10 #49 2.5 X136 Soil 29 28 30 87.27 17 3 <LOD 6 <LOD 1.6 1997 20 13 2 <LOD 21 8.7 1.1 <LOD 8 7.8 1.2 9 0.9 <LOD 1.4 405 47
13/10/2015 13:23:38 #59 3.2 X145 Soil 29 28 30 87.36 14 3 <LOD 6 <LOD 1.6 4353 31 20 3 <LOD 21 <LOD 3.1 13 3 19.4 1.4 4 0.8 <LOD 1.4 1481 75
13/10/2015 13:25:27 #60 3.2 X146 Soil 29 29 30 87.36 36 4 <LOD 6 <LOD 1.6 7914 46 36 3 <LOD 21 7.6 1.1 17 3 26.2 1.5 5.4 0.9 <LOD 1.5 2190 91
13/10/2015 13:29:27 #61 3.6 X147 Soil 29 28 30 87.21 16 3 7 2 <LOD 1.5 3935 29 22 3 <LOD 21 <LOD 3.1 <LOD 8 7.8 1.2 4 0.8 <LOD 1.4 1931 82
13/10/2015 13:31:33 #62 3.6 X148 Soil 29 28 30 87.38 33 3 <LOD 5.9 <LOD 1.5 3547 27 8 2 <LOD 21 3.7 1 <LOD 8 7.3 1.2 2.6 0.8 <LOD 1.4 1935 84
13/10/2015 13:33:27 #63 4.5 X149 Soil 29 29 30 87.46 <LOD 7 <LOD 6 <LOD 1.6 1314 16 17 2 <LOD 22 3.3 1.1 <LOD 8 6 1.2 <LOD 2.3 <LOD 1.4 281 45
13/10/2015 13:35:34 #64 4.5 X150 Soil 29 29 30 87.55 21 3 <LOD 6 <LOD 1.7 2687 24 <LOD 8 <LOD 22 <LOD 3.2 <LOD 8 24.2 1.5 3.6 0.8 <LOD 1.5 1414 77
19/10/2015 11:33:26 #41 GW31 0 X608 Soil 29 29 30 87.62 80 6 27 3 3 0.7 25003 127 120 5 <LOD 25 30.7 1.7 57 4 62 2 15 1.4 <LOD 1.8 <LOD 211
19/10/2015 11:37:04 #42 0 X609 Soil 29 29 30 87.93 90 7 35 3 2.5 0.7 32323 157 281 7 <LOD 24 62.8 2 50 4 121 3 24.9 1.7 <LOD 1.8 460 99
19/10/2015 11:39:11 #43 0 X610 Soil 29 29 30 88.01 93 7 44 3 <LOD 2.1 34055 170 294 7 <LOD 26 82 2 50 5 141 3 32.4 2 <LOD 1.9 676 96
19/10/2015 11:41:03 #44 0.2 X611 Soil 29 29 30 87.81 46 5 43 3 <LOD 1.9 17539 92 174 5 31 8 69.2 2 40 4 155 3 9.5 1.6 <LOD 1.7 411 67
19/10/2015 11:42:50 #45 0.2 X612 Soil 29 29 30 87.62 51 5 42 3 2 0.6 16789 87 156 5 <LOD 24 75.2 2 42 4 128 3 5.8 1.6 <LOD 1.6 653 74
19/10/2015 11:44:40 #46 0.2 X613 Soil 29 29 30 87.75 78 5 44 3 2.3 0.6 16017 84 144 5 <LOD 23 70.4 1.9 37 4 131 3 8.2 1.5 <LOD 1.7 545 71
19/10/2015 11:46:36 #47 0.4 X614 Soil 29 29 30 87.9 98 7 56 3 <LOD 2.1 28393 144 317 7 <LOD 25 89 2 58 4 158 3 12.8 1.8 <LOD 1.8 705 92
19/10/2015 11:48:26 #48 0.4 X615 Soil 29 29 30 87.82 65 6 53 3 2.1 0.7 24591 125 228 6 <LOD 25 92 2 54 4 153 3 12 1.8 <LOD 1.9 639 85
19/10/2015 11:50:14 #49 0.4 X616 Soil 29 29 30 87.85 75 6 53 3 2.8 0.7 27716 139 238 6 <LOD 25 101 2 49 4 166 3 11.1 1.9 <LOD 1.9 558 82
19/10/2015 11:52:10 #50 0.8 X617 Soil 29 29 30 88.07 62 6 11 3 2.1 0.7 18489 99 47 4 <LOD 25 13.1 1.4 23 4 22.4 1.7 5 1.1 <LOD 1.8 692 83
19/10/2015 11:54:20 #51 0.8 X618 Soil 29 29 30 87.85 84 7 9 3 <LOD 1.9 28445 140 79 5 <LOD 24 14.6 1.4 40 4 25.7 1.7 5.8 1.1 <LOD 1.7 3161 142
19/10/2015 11:56:05 #52 0.8 X619 Soil 29 29 30 88.28 57 6 8 3 <LOD 2 20771 113 59 5 <LOD 25 7.7 1.4 18 4 23.4 1.8 9.8 1.1 <LOD 1.8 3839 162
19/10/2015 11:57:54 #53 1 X620 Soil 29 29 30 87.65 27 4 <LOD 7 <LOD 1.8 13580 72 57 4 <LOD 23 6.8 1.2 16 3 21.6 1.5 8.9 1 <LOD 1.6 176 55
19/10/2015 11:59:48 #54 1 X621 Soil 29 29 30 87.65 46 5 7 2 <LOD 1.7 19841 98 56 4 <LOD 23 6.7 1.2 18 3 25.9 1.6 12.3 1 <LOD 1.6 251 63
19/10/2015 12:01:41 #55 1 X622 Soil 29 29 30 87.53 33 4 8 2 2.4 0.6 12627 68 47 4 <LOD 23 4.1 1.2 15 3 18 1.5 11.5 1 <LOD 1.6 311 57
19/10/2015 12:03:38 #56 1 X623 Soil 29 29 30 87.63 39 5 12 2 <LOD 1.8 13841 73 40 4 <LOD 23 4.7 1.2 13 3 18.3 1.5 10.7 1 <LOD 1.6 247 59
19/10/2015 12:05:27 #57 1.2 X624 Soil 29 29 30 87.96 73 7 9 3 <LOD 2 43073 208 150 6 <LOD 25 11 1.5 36 4 52 2 20.5 1.3 <LOD 1.8 347 92
19/10/2015 12:07:50 #58 1.2 X625 Soil 29 29 30 87.9 86 7 11 3 <LOD 2 40897 200 143 6 <LOD 26 9 1.5 40 4 50 2 19.1 1.3 <LOD 1.8 698 104
19/10/2015 12:10:10 #59 1.2 X626 Soil 29 29 30 87.81 95 8 15 3 2.5 0.7 46871 224 105 6 <LOD 26 7.7 1.5 34 4 47 2 22.6 1.3 <LOD 1.9 504 107
19/10/2015 12:12:07 #60 1.4 X627 Soil 29 29 30 88.09 84 7 9 3 <LOD 2 29997 151 60 5 <LOD 25 10.2 1.4 25 4 30.8 1.8 7.1 1.1 <LOD 1.8 328 82
19/10/2015 12:15:00 #61 1.4 X628 Soil 29 29 30 87.78 95 7 16 3 <LOD 2 33643 164 91 6 <LOD 25 14.9 1.5 31 4 30.3 1.8 9 1.2 <LOD 1.8 698 94
19/10/2015 12:16:46 #62 1.4 X629 Soil 29 29 30 88.01 94 7 18 3 <LOD 1.9 23946 122 71 5 <LOD 24 17.8 1.5 23 4 28.7 1.8 4.6 1.1 <LOD 1.7 749 91
29/10/2015 15:33:09 #17 1.6 xrf38 Soil 29 29 30 87.77 81 6 24 3 2.1 0.6 23764 117 131 5 27 8 32.5 1.6 37 4 80 2 10.5 1.3 <LOD 1.7 470 73
29/10/2015 15:34:52 #18 1.6 xrf39 Soil 29 29 30 87.9 59 6 66 3 2.6 0.7 26841 133 201 6 <LOD 25 111 2 49 4 188 3 12.8 1.9 <LOD 1.8 488 81
29/10/2015 15:40:25 #19 1.6 xrf40 Soil 29 29 30 87.59 80 6 32 3 <LOD 1.9 20949 106 128 5 <LOD 24 35.1 1.6 36 4 78 2 10.7 1.3 <LOD 1.7 885 88
29/10/2015 15:44:45 #20 1.9 xrf41 Soil 29 28 30 87.04 86 5 19 2 <LOD 1.7 15328 76 101 4 <LOD 22 6.6 1.2 43 3 125 3 8.8 0.9 <LOD 1.5 3459 118
29/10/2015 15:47:17 #21 1.9 xrf42 Soil 29 28 30 87.03 79 5 14 2 <LOD 1.6 15956 77 101 4 <LOD 21 9.1 1.2 43 3 107 2 7.6 0.9 <LOD 1.5 2996 108
29/10/2015 15:49:42 #22 1.9 xrf43 Soil 29 28 30 87.02 75 5 15 2 <LOD 1.6 14670 72 86 4 <LOD 21 6.8 1.1 40 3 99 2 5.9 0.9 <LOD 1.5 2876 107
29/10/2015 15:51:34 #23 2.9 xrf44 Soil 29 29 30 87.61 59 5 10 2 <LOD 1.8 23086 109 104 5 <LOD 22 8.4 1.2 23 3 34.3 1.7 10 1 <LOD 1.6 4882 150
29/10/2015 15:53:26 #24 2.9 xrf45 Soil 29 28 30 87.08 66 5 16 2 <LOD 1.7 18158 86 101 4 <LOD 21 6.3 1.1 33 3 35.5 1.6 9.8 0.9 <LOD 1.5 3049 112
29/10/2015 15:55:15 #25 2.9 xrf46 Soil 29 29 30 87.61 55 5 <LOD 7 <LOD 1.7 24035 111 98 4 <LOD 21 10.1 1.2 35 4 40.9 1.7 9.8 1 <LOD 1.5 3098 119
29/10/2015 15:56:59 #26 3.5 xrf47 Soil 29 29 30 87.4 34 4 <LOD 6 <LOD 1.7 8560 50 61 3 <LOD 22 <LOD 3.3 12 3 15.9 1.4 7.4 0.9 <LOD 1.5 1601 86
29/10/2015 15:58:47 #27 3.5 xrf48 Soil 29 28 30 87.21 37 4 14 2 2 0.6 9594 54 55 3 <LOD 22 3.3 1.1 17 3 18 1.4 6.8 0.9 <LOD 1.5 1881 90
29/10/2015 16:00:59 #28 3.5 xrf49 Soil 29 28 30 87.24 29 4 12 2 <LOD 1.7 8669 50 50 3 <LOD 22 <LOD 3.2 18 3 19 1.4 5.4 0.8 <LOD 1.5 1979 91
29/10/2015 16:02:46 #29 3.6 xrf50 Soil 29 28 30 87.17 45 4 16 2 <LOD 1.7 11846 63 66 4 <LOD 22 4.1 1.1 22 3 20.9 1.5 8.7 0.9 <LOD 1.5 3061 112
29/10/2015 16:04:30 #30 3.6 xrf51 Soil 29 28 30 87.22 45 4 13 2 <LOD 1.7 9937 55 54 3 22 7 <LOD 3.2 22 3 18.5 1.4 8.1 0.9 <LOD 1.5 2607 104
29/10/2015 16:07:44 #31 3.6 xrf52 Soil 29 28 30 87.2 30 3 9 2 <LOD 1.7 6453 40 31 3 <LOD 22 <LOD 3 9 3 12.9 1.3 7.2 0.8 <LOD 1.5 1932 90
29/10/2015 16:10:36 #32 3.9 xrf53 Soil 29 28 30 87.22 19 3 8 2 <LOD 1.6 3844 29 28 3 <LOD 22 <LOD 3.2 <LOD 8 4.9 1.2 4.3 0.8 <LOD 1.4 1369 74
29/10/2015 16:12:17 #33 3.9 xrf54 Soil 29 29 30 87.44 18 3 <LOD 6 <LOD 1.7 4849 34 35 3 <LOD 22 <LOD 3.2 <LOD 8 11.5 1.3 4.5 0.8 <LOD 1.5 1805 87
29/10/2015 16:14:18 #34 3.9 xrf55 Soil 29 29 30 87.41 13 3 <LOD 7 <LOD 1.6 4498 33 31 3 <LOD 22 <LOD 3.2 11 3 8.3 1.2 5.1 0.8 <LOD 1.5 1806 87
11/11/2015 16:02:05 #164 GW33 0 XRF378 Soil 29 29 30 87.73 69 6 28 3 <LOD 2 16884 92 208 6 <LOD 25 24.9 1.6 39 4 63 2 7.5 1.2 <LOD 1.8 605 80
11/11/2015 16:03:54 #165 0 XRF379 Soil 29 29 30 87.75 71 6 31 3 <LOD 2 16370 90 198 6 <LOD 26 20.5 1.5 35 4 66 2 10 1.2 <LOD 1.8 730 86
11/11/2015 16:05:40 #166 0 XRF380 Soil 29 29 30 87.76 67 6 28 3 3.4 0.7 16891 93 201 6 <LOD 26 20.6 1.5 37 4 73 2 5.3 1.2 <LOD 1.8 658 84
11/11/2015 16:08:02 #167 0 XRF381 Soil 29 29 30 87.79 62 6 33 3 <LOD 2 13966 80 221 6 <LOD 26 17.8 1.5 33 4 59 2 5.6 1.2 <LOD 1.8 734 85
11/11/2015 16:09:48 #168 0.2 XRF382 Soil 29 29 30 87.95 54 7 67 4 4.1 0.8 22510 125 352 8 <LOD 27 149 3 70 5 126 3 9 2 2.3 0.7 572 98
11/11/2015 16:11:34 #169 0.2 XRF383 Soil 29 29 30 87.97 70 7 83 4 2.5 0.8 24537 134 257 7 <LOD 27 151 3 72 5 143 3 18 2 <LOD 2 584 95
11/11/2015 16:15:10 #170 0.2 XRF384 Soil 29 29 30 87.96 102 7 68 4 2.7 0.7 23349 127 249 7 <LOD 27 133 3 59 5 119 3 11 2 2.5 0.7 641 97
11/11/2015 16:17:07 #171 0.4 XRF385 Soil 29 29 30 87.9 51 6 54 3 4.3 0.8 16028 92 222 6 <LOD 27 124 3 49 4 212 4 <LOD 6 <LOD 1.9 658 102
11/11/2015 16:18:46 #172 0.4 XRF386 Soil 29 29 30 87.87 47 6 63 3 <LOD 2.1 17866 100 281 7 <LOD 27 113 3 62 4 142 3 8.5 2 <LOD 1.9 587 101
11/11/2015 16:20:32 #173 0.4 XRF387 Soil 29 29 30 87.89 55 6 58 3 2.6 0.7 16421 93 217 6 <LOD 27 132 3 72 5 164 3 8 2 2.1 0.7 520 94
11/11/2015 16:23:33 #174 0.6 XRF388 Soil 29 29 30 88.07 49 6 32 3 3.6 0.8 15715 95 228 7 <LOD 28 182 3 46 4 153 3 <LOD 7 <LOD 2.1 1047 142
11/11/2015 16:25:17 #175 0.6 XRF389 Soil 29 29 30 88.08 31 5 34 3 2.7 0.7 12447 77 203 6 <LOD 27 83 2 45 4 123 3 <LOD 5.3 <LOD 1.8 976 133
11/11/2015 16:27:16 #177 0.6 XRF390 Soil 29 29 30 88.03 41 5 27 3 2.2 0.7 13124 80 204 6 <LOD 28 53.7 2 29 4 129 3 5.1 1.6 <LOD 1.8 1274 142
30/10/2015 13:54:35 #69 1.4 xrf121 Soil 29 29 30 87.95 53 9 101 4 3.3 0.9 92233 463 363 9 <LOD 28 366 5 48 6 177 4 30 4 <LOD 2.3 1237 134
30/10/2015 13:56:41 #70 1.4 xrf122 Soil 29 29 30 88.17 63 6 43 3 <LOD 2.1 23261 125 342 7 <LOD 26 128 3 44 4 124 3 <LOD 6 <LOD 1.9 913 115
30/10/2015 13:58:27 #71 1.4 xrf123 Soil 29 29 30 88.14 36 6 136 4 <LOD 2.6 39430 197 333 7 <LOD 25 1715 11 28 4 256 4 <LOD 20 <LOD 2.8 1060 110
30/10/2015 14:00:21 #72 1.4 xrf124 Soil 29 29 30 88.05 41 5 28 3 <LOD 1.7 18456 91 233 6 <LOD 22 70.1 1.9 25 3 76 2 9.3 1.5 <LOD 1.6 670 91
30/10/2015 14:02:12 #73 1.5 xrf125 Soil 29 29 30 88.02 24 4 8 2 <LOD 1.8 6121 43 24 3 <LOD 24 8.1 1.3 11 3 20.4 1.6 <LOD 2.9 <LOD 1.7 <LOD 170
30/10/2015 14:04:04 #74 1.5 xrf126 Soil 29 29 30 87.87 46 4 10 2 <LOD 1.8 6603 44 30 3 <LOD 24 14.4 1.3 <LOD 10 21.4 1.6 <LOD 3 <LOD 1.7 <LOD 162
30/10/2015 14:05:51 #75 1.5 xrf127 Soil 29 29 30 87.72 49 5 11 2 1.9 0.6 7632 49 38 3 <LOD 24 13.6 1.3 17 3 26.8 1.6 <LOD 3 <LOD 1.7 <LOD 163
30/10/2015 14:07:37 #76 1.5 xrf128 Soil 29 29 30 88.04 22 4 10 3 <LOD 1.9 7845 52 36 4 <LOD 24 15.3 1.4 11 3 26.7 1.7 <LOD 3.2 <LOD 1.7 <LOD 176
30/10/2015 14:09:29 #77 2.7 xrf129 Soil 29 29 30 88.07 77 7 49 3 <LOD 2.2 30906 160 383 8 <LOD 26 311 4 68 5 184 4 <LOD 9 <LOD 2 706 101
30/10/2015 14:11:10 #78 2.7 xrf130 Soil 29 29 30 87.83 79 7 62 3 2.8 0.8 39871 195 418 8 <LOD 25 294 4 85 5 374 5 11 3 <LOD 2 1078 105
30/10/2015 14:13:04 #79 2.7 xrf131 Soil 29 29 30 87.8 63 6 43 3 6.7 0.8 29706 148 312 6 <LOD 25 395 4 62 4 177 3 <LOD 10 <LOD 2.1 1111 96
30/10/2015 14:14:51 #80 2.7 xrf132 Soil 29 29 30 87.94 78 7 42 3 2.3 0.7 37652 187 499 9 <LOD 26 247 4 71 5 162 3 <LOD 8 <LOD 2.1 846 99
30/10/2015 14:48:46 #81 2.8 xrf133 Soil 29 29 30 87.86 53 6 157 4 2.4 0.7 27451 139 324 7 <LOD 25 192 3 48 4 293 4 8 2 <LOD 1.8 709 89
30/10/2015 14:51:36 #82 2.8 xrf134 Soil 29 29 30 87.82 46 5 26 3 <LOD 1.9 19576 104 270 6 <LOD 25 66.8 2 43 4 71 2 8.9 1.6 <LOD 1.8 456 79
30/10/2015 14:57:43 #83 2.8 xrf135 Soil 29 29 30 88.01 44 6 38 3 <LOD 2.1 30324 159 366 8 <LOD 26 118 3 43 5 103 3 <LOD 6 <LOD 1.9 540 94
30/10/2015 15:01:12 #84 3 xrf136 Soil 29 29 30 87.75 118 8 46 3 3.2 0.8 56909 275 653 10 <LOD 26 175 3 92 5 170 4 <LOD 7 <LOD 2 2083 134
30/10/2015 15:03:17 #85 3 xrf137 Soil 29 29 30 87.87 113 8 49 3 <LOD 2.2 48909 241 682 10 <LOD 26 81 2 100 5 103 3 9.4 1.8 <LOD 2 2303 136
30/10/2015 15:05:50 #86 3 xrf138 Soil 29 29 30 87.77 113 7 80 4 2.2 0.7 51777 252 804 11 <LOD 26 118 3 105 6 105 3 <LOD 6 2.2 0.7 1687 118
30/10/2015 15:07:34 #87 3 xrf139 Soil 29 29 30 87.76 151 8 49 4 3.1 0.8 50678 250 728 11 <LOD 27 79 2 115 6 102 3 11.4 1.9 <LOD 2 1940 131
30/10/2015 15:09:59 #88 3.4 xrf140 Soil 29 29 30 87.55 14 3 11 2 <LOD 1.7 8384 50 110 4 <LOD 23 35.4 1.5 21 3 26.5 1.6 <LOD 3.5 <LOD 1.6 994 73
30/10/2015 15:12:38 #89 3.4 xrf141 Soil 29 28 30 87.33 16 3 9 2 <LOD 1.6 5280 35 65 3 <LOD 22 6.7 1.1 9 3 14.1 1.3 3.2 0.8 <LOD 1.5 1413 78
30/10/2015 15:14:44 #90 3.4 xrf142 Soil 29 29 24 81.09 <LOD 9 <LOD 6 <LOD 1.5 3285 27 23 3 <LOD 22 <LOD 3.1 <LOD 8 8.7 1.2 4.3 0.8 <LOD 1.5 1276 84
30/10/2015 15:16:31 #91 4 xrf143 Soil 29 29 30 87.73 65 6 30 3 <LOD 1.8 21233 103 139 5 <LOD 23 51.1 1.7 29 4 83 2 11.9 1.4 <LOD 1.6 4097 144
30/10/2015 15:18:55 #92 4 xrf144 Soil 29 29 30 87.46 83 6 48 3 <LOD 1.8 28464 129 156 5 <LOD 22 57.7 1.8 46 4 108 2 12.3 1.4 <LOD 1.6 5217 157
30/10/2015 15:20:46 #93 4 xrf145 Soil 29 29 30 87.68 71 6 33 3 <LOD 1.8 22805 109 133 5 <LOD 23 41.2 1.6 41 4 74 2 6.5 1.3 <LOD 1.6 4081 142
30/10/2015 15:22:40 #94 4.5 xrf146 Soil 29 29 30 87.3 69 5 12 2 <LOD 1.7 19370 94 119 4 <LOD 22 9.1 1.2 31 3 31.7 1.6 10 1 <LOD 1.6 6687 168
30/10/2015 15:24:35 #95 4.5 xrf147 Soil 29 29 30 87.7 62 5 8 2 <LOD 1.8 20002 97 111 5 <LOD 22 9.1 1.2 23 3 35.2 1.7 11.3 1 <LOD 1.5 6816 180
30/10/2015 15:26:33 #96 4.5 xrf148 Soil 29 29 30 87.5 66 5 10 2 <LOD 1.8 18326 89 100 4 <LOD 22 10.2 1.2 28 3 32.9 1.6 9.3 1 <LOD 1.6 5808 156
30/10/2015 15:28:27 #97 5 xrf149 Soil 29 28 30 87.2 37 4 13 2 <LOD 1.7 10086 56 73 4 <LOD 22 7.3 1.2 18 3 23.1 1.5 9.3 1 <LOD 1.5 2749 107
30/10/2015 15:30:47 #98 5 xrf150 Soil 29 28 30 87.15 35 4 17 2 <LOD 1.8 10453 58 81 4 <LOD 22 8.1 1.2 29 3 19.2 1.4 7.8 0.9 1.7 0.5 3252 116
30/10/2015 15:32:41 #99 5 xrf151 Soil 29 28 30 87.27 54 4 9 2 2.1 0.6 16143 79 111 4 <LOD 22 8.9 1.2 30 3 33.8 1.6 10.5 1 <LOD 1.6 4025 126
15/10/2015 11:41:40 #71 GW34 0.4 X415 Soil 29 29 30 88.04 87 7 70 4 2.4 0.8 35153 175 346 7 28 8 405 5 63 5 394 5 16 3 <LOD 2.1 1081 101
15/10/2015 11:43:49 #72 0.4 X416 Soil 29 29 30 87.89 141 9 68 4 3.8 0.8 43764 216 1565 18 <LOD 27 355 4 117 6 333 5 <LOD 10 <LOD 2.2 1994 131
15/10/2015 11:45:35 #73 0.4 X417 Soil 29 29 30 88.27 81 8 78 4 5.3 0.9 41189 212 451 9 <LOD 27 436 5 77 5 356 5 21 4 <LOD 2.3 1309 120
15/10/2015 11:55:34 #77 0.6 X421 Soil 29 29 30 87.59 85 6 58 3 2.3 0.7 29195 139 346 7 <LOD 24 385 4 72 4 461 5 29 3 3 0.7 1707 106
15/10/2015 11:58:34 #78 0.6 X422 Soil 29 29 30 87.9 93 7 120 4 2.7 0.8 32920 164 458 8 <LOD 25 313 4 61 5 371 5 28 3 <LOD 2 1998 122
15/10/2015 12:01:21 #80 0.6 X423 Soil 29 29 30 87.85 87 7 64 4 <LOD 2.7 34959 179 501 9 <LOD 26 2253 14 77 5 558 6 33 8 <LOD 3.2 2823 139
15/10/2015 11:49:47 #74 0.8 X418 Soil 29 29 30 87.69 267 9 32 3 <LOD 2 36332 171 141 6 <LOD 24 12.6 1.4 70 5 35.7 1.9 42.6 1.4 <LOD 1.8 <LOD 224
15/10/2015 11:51:37 #75 0.8 X419 Soil 29 29 30 87.9 271 10 26 3 <LOD 2 39130 190 173 7 <LOD 25 8.6 1.4 68 5 36.8 2 46 1.5 <LOD 1.9 <LOD 243
15/10/2015 11:53:48 #76 0.8 X420 Soil 29 29 30 87.91 208 9 30 3 2.5 0.7 51218 247 163 6 <LOD 26 17.8 1.6 73 5 42 2 88.7 2 <LOD 2 <LOD 248
15/10/2015 12:05:13 #81 1.2 X424 Soil 29 28 30 86.89 107 4 13 2 <LOD 1.5 8758 46 48 3 <LOD 19 13.5 1.1 21 3 18.5 1.3 5.2 0.9 2.4 0.5 597 54
15/10/2015 12:07:22 #82 1.2 X425 Soil 29 28 30 86.98 100 5 17 2 <LOD 1.6 11625 59 54 3 <LOD 20 13.6 1.2 27 3 19.2 1.4 8 1 3.6 0.5 781 63
15/10/2015 12:09:58 #83 1.2 X426 Soil 29 28 30 86.84 121 5 21 2 <LOD 1.6 18084 83 90 4 <LOD 20 16.8 1.2 40 3 35.2 1.6 12.3 1 <LOD 1.5 1262 79
15/10/2015 12:14:38 #84 1.4 X427 Soil 29 28 30 87.25 54 4 10 2 <LOD 1.7 9932 54 43 3 <LOD 21 9.5 1.2 18 3 25.5 1.5 4.3 0.9 1.8 0.5 504 58
15/10/2015 12:16:31 #85 1.4 X428 Soil 29 28 30 87.06 92 5 18 2 <LOD 1.7 13269 66 65 4 <LOD 21 12.4 1.2 33 3 27 1.5 8.4 1 2.1 0.5 550 59
15/10/2015 12:18:16 #86 1.4 X429 Soil 29 28 30 87.09 111 5 18 2 2 0.6 12963 66 69 4 <LOD 21 11.1 1.2 30 3 26 1.5 7.6 0.9 <LOD 1.5 623 62
14/10/2015 14:26:57 #107 2.1 X318 Soil 29 29 26 84.05 95 8 40 3 <LOD 2 25942 133 286 8 <LOD 25 153 3 63 4 197 4 23 2 <LOD 1.8 1248 118
14/10/2015 14:28:48 #108 2.1 X319 Soil 29 29 30 88.36 78 7 34 3 <LOD 2 22616 116 279 7 <LOD 24 220 3 30 4 174 3 17 3 <LOD 1.8 800 101
14/10/2015 14:32:12 #109 2.2 X320 Soil 29 28 30 87.23 10 3 <LOD 6 <LOD 1.6 2812 24 22 3 <LOD 21 <LOD 3 <LOD 8 5.9 1.1 2.3 0.8 <LOD 1.4 1557 76
14/10/2015 14:35:41 #110 2.2 X321 Soil 29 29 30 87.5 11 3 <LOD 6 <LOD 1.6 2599 23 9 2 <LOD 21 4.7 1.1 <LOD 8 4.7 1.1 <LOD 2.4 <LOD 1.5 1541 78
14/10/2015 14:39:12 #111 3 X322 Soil 29 28 30 87.41 24 3 <LOD 6 <LOD 1.6 7571 44 23 3 <LOD 21 6.6 1.1 11 3 12 1.3 2.9 0.8 <LOD 1.5 2708 100
14/10/2015 14:41:02 #112 3 X323 Soil 29 28 30 87.18 18 3 <LOD 6 <LOD 1.6 4273 30 26 3 <LOD 21 4.1 1 11 3 9.7 1.2 4.1 0.8 <LOD 1.4 1373 70
14/10/2015 14:48:54 #115 3.5 X326 Soil 29 28 30 87.16 25 3 7 2 <LOD 1.6 5881 37 35 3 <LOD 21 3.8 1.1 11 3 11.2 1.2 5.1 0.8 <LOD 1.4 2901 101
14/10/2015 14:50:51 #116 3.5 X327 Soil 29 29 30 87.5 22 3 <LOD 6 <LOD 1.6 4924 34 31 3 <LOD 21 <LOD 3.1 <LOD 8 8.2 1.2 4.3 0.8 <LOD 1.5 1719 83
14/10/2015 14:43:56 #113 4 X324 Soil 29 28 30 87.18 31 3 9 2 <LOD 1.6 6247 39 49 3 <LOD 21 3.9 1.1 11 3 15.4 1.3 5.8 0.8 <LOD 1.5 2429 96
14/10/2015 14:46:17 #114 4 X325 Soil 29 28 30 87.21 26 3 7 2 <LOD 1.6 5252 36 36 3 <LOD 22 <LOD 3.2 <LOD 8 11.4 1.3 7.2 0.9 <LOD 1.5 2378 97
14/10/2015 14:56:31 #117 4.5 X328 Soil 29 29 30 87.83 38 4 <LOD 7 <LOD 1.7 9819 56 48 4 <LOD 22 6.9 1.2 10 3 18.4 1.4 7.7 0.9 <LOD 1.5 3004 122
14/10/2015 14:58:49 #118 4.5 X329 Soil 29 29 30 87.72 53 5 7 2 <LOD 1.7 14245 74 110 4 <LOD 22 6.2 1.2 12 3 22.3 1.5 9.6 1 <LOD 1.5 5946 168
19/10/2015 12:25:15 #66 GW36 0.2 X633 Soil 29 29 30 88.47 174 11 28 4 <LOD 2.7 70219 394 1041 17 <LOD 31 19 2 109 7 136 4 10.9 1.6 <LOD 2.3 945 153
19/10/2015 12:27:01 #67 0.2 X634 Soil 29 29 30 88.37 193 12 46 4 <LOD 2.6 68869 380 999 16 <LOD 30 29 2 112 7 148 4 9.4 1.7 <LOD 2.3 2002 176
19/10/2015 12:29:32 #68 0.2 X635 Soil 29 29 30 88.44 185 12 37 4 <LOD 2.6 67654 372 1042 17 <LOD 30 46 2 116 7 159 4 <LOD 5.4 <LOD 2.3 865 153
19/10/2015 12:31:21 #69 0.4 X636 Soil 29 29 30 87.93 80 6 16 2 <LOD 1.8 17526 90 69 4 <LOD 23 15.5 1.4 17 3 50.4 2 6.7 1.1 <LOD 1.6 1622 101
19/10/2015 12:33:22 #70 0.4 X637 Soil 29 29 30 87.89 90 6 18 3 <LOD 1.9 17712 93 81 4 <LOD 23 23.7 1.5 25 4 52 2 9 1.2 <LOD 1.7 3291 132
19/10/2015 12:35:16 #71 0.4 X638 Soil 29 29 30 87.91 87 6 19 3 <LOD 1.9 21746 108 68 4 <LOD 23 19.4 1.4 25 4 64 2 8 1.1 <LOD 1.6 1282 93
19/10/2015 12:37:09 #72 0.8 X639 Soil 29 29 30 87.71 80 5 12 2 <LOD 1.7 12344 67 61 4 <LOD 22 12 1.3 19 3 53.3 1.9 6.2 1 <LOD 1.6 873 75
19/10/2015 12:39:27 #73 0.8 X640 Soil 29 29 30 87.82 48 4 14 2 <LOD 1.8 7823 49 56 4 <LOD 23 9.1 1.2 11 3 35.4 1.7 3.8 1 <LOD 1.6 552 65
19/10/2015 12:42:04 #74 0.8 X641 Soil 29 29 30 87.7 51 5 10 2 <LOD 1.8 16299 83 70 4 <LOD 23 16.5 1.3 16 3 37.5 1.7 11.1 1.1 <LOD 1.6 1673 96
19/10/2015 12:43:52 #75 1.2 X642 Soil 29 29 30 87.57 <LOD 8 <LOD 6 <LOD 1.6 1874 20 <LOD 7 <LOD 22 5.5 1.1 <LOD 8 11.6 1.3 <LOD 2.4 <LOD 1.5 155 41
19/10/2015 12:46:40 #76 1.2 X643 Soil 29 29 30 87.55 <LOD 8 <LOD 6 <LOD 1.7 1732 19 <LOD 7 <LOD 22 <LOD 3.2 <LOD 8 8.8 1.2 3.9 0.8 <LOD 1.5 216 44
19/10/2015 12:49:43 #77 1.2 X644 Soil 29 29 30 87.43 15 3 11 2 <LOD 1.7 3432 28 14 3 <LOD 22 11 1.2 <LOD 8 21.2 1.4 <LOD 2.7 <LOD 1.5 331 49
19/10/2015 12:51:38 #78 1.4 X645 Soil 29 29 30 87.52 <LOD 8 9 2 <LOD 1.6 1585 18 <LOD 7 <LOD 22 4.6 1.1 <LOD 8 12 1.3 <LOD 2.4 <LOD 1.5 152 41
19/10/2015 12:53:28 #79 1.4 X646 Soil 29 29 30 87.43 <LOD 8 8 2 <LOD 1.7 1850 19 <LOD 7 <LOD 22 5 1.1 <LOD 8 11.5 1.3 <LOD 2.4 <LOD 1.5 164 40
19/10/2015 12:55:23 #80 1.4 X647 Soil 29 29 30 87.65 <LOD 8 <LOD 6 <LOD 1.6 1646 18 <LOD 7 <LOD 22 6 1.1 <LOD 8 12.5 1.3 <LOD 2.5 <LOD 1.5 170 42
15/10/2015 12:56:16 #87 1.6 X430 Soil 29 29 30 87.55 <LOD 8 <LOD 6 <LOD 1.6 2233 21 <LOD 7 22 7 <LOD 3.2 <LOD 8 12.1 1.3 2.9 0.8 <LOD 1.5 194 43
15/10/2015 13:00:15 #88 1.6 X431 Soil 29 29 30 87.7 23 3 7 2 <LOD 1.7 4298 32 <LOD 8 <LOD 22 <LOD 3.2 <LOD 8 30 1.6 2.9 0.8 <LOD 1.5 228 48
15/10/2015 13:02:32 #89 1.8 X432 Soil 29 28 30 87.29 82 5 17 2 <LOD 1.7 14636 74 73 4 <LOD 22 22.8 1.4 36 3 37.7 1.7 8.2 1.1 1.7 0.5 2565 105
15/10/2015 13:05:25 #90 1.8 X433 Soil 29 29 30 87.92 84 6 17 3 <LOD 1.8 15459 82 61 4 <LOD 23 27.2 1.5 31 4 79 2 4.8 1.2 1.9 0.6 1295 91
15/10/2015 13:31:14 #100 1.9 X442 Soil 29 29 30 87.71 113 6 15 2 <LOD 1.8 15362 80 75 4 <LOD 23 20.6 1.4 24 3 31 1.7 3.3 1.1 <LOD 1.6 936 79
15/10/2015 13:35:20 #101 1.9 X443 Soil 29 29 30 88.03 82 6 10 2 <LOD 1.8 15170 83 79 4 <LOD 24 22.6 1.5 19 4 30.8 1.7 <LOD 3.4 <LOD 1.7 1100 90
15/10/2015 13:08:23 #91 2 X434 Soil 29 29 30 87.95 37 4 <LOD 7 <LOD 1.8 3863 31 14 3 <LOD 23 7.8 1.2 <LOD 9 7.9 1.3 <LOD 2.8 <LOD 1.6 522 62
15/10/2015 13:11:22 #92 2 X435 Soil 29 29 30 87.68 47 4 9 2 <LOD 1.7 5259 37 21 3 <LOD 23 8.9 1.2 <LOD 9 9.9 1.3 <LOD 2.7 <LOD 1.5 202 49
15/10/2015 13:26:26 #98 2.2 X440 Soil 29 29 30 87.52 52 4 10 2 <LOD 1.8 7481 46 38 3 <LOD 22 7.5 1.2 12 3 13.9 1.4 <LOD 2.7 <LOD 1.6 221 50
15/10/2015 13:28:31 #99 2.2 X441 Soil 29 29 30 87.91 49 5 11 2 <LOD 1.8 7645 49 31 3 <LOD 23 4.9 1.2 <LOD 9 9.9 1.4 <LOD 2.7 <LOD 1.6 202 56
15/10/2015 13:20:17 #96 2.5 X438 Soil 29 28 30 87.3 67 4 12 2 <LOD 1.7 6169 39 45 3 <LOD 21 12.3 1.2 11 3 9.5 1.2 5.7 0.9 <LOD 1.5 669 60
15/10/2015 13:23:17 #97 2.5 X439 Soil 29 28 30 87.13 42 3 14 2 <LOD 1.7 4853 33 29 3 <LOD 21 8.6 1.1 9 3 11.6 1.3 5.3 0.9 1.7 0.5 531 54
15/10/2015 13:39:41 #102 3 X444 Soil 29 28 30 87.25 23 3 9 2 <LOD 1.6 5163 35 44 3 <LOD 21 3.6 1.1 13 3 14 1.3 4.2 0.8 <LOD 1.4 1656 79
15/10/2015 13:42:19 #103 3 X445 Soil 29 28 30 87.21 27 3 7 2 <LOD 1.6 7220 43 52 3 <LOD 21 4.7 1.1 20 3 34 1.6 3.4 0.8 <LOD 1.5 1721 80
15/10/2015 13:44:10 #104 4 X446 Soil 29 29 30 87.41 48 4 8 2 <LOD 1.7 14486 74 61 4 <LOD 22 5.5 1.1 23 3 22.8 1.5 10.7 0.9 <LOD 1.5 3382 118
15/10/2015 13:46:25 #105 4 X447 Soil 29 29 30 87.46 45 4 8 2 <LOD 1.7 13481 71 67 4 26 7 5.7 1.2 14 3 20.4 1.5 10.3 1 <LOD 1.5 3679 125
15/10/2015 13:48:43 #106 4 X448 Soil 29 29 30 87.35 43 4 11 2 <LOD 1.7 10928 59 47 3 <LOD 22 4.4 1.1 16 3 17.7 1.4 8.8 0.9 <LOD 1.5 2528 102
15/10/2015 13:51:49 #107 5 X449 Soil 29 28 30 87.35 <LOD 8 <LOD 6 <LOD 1.6 2350 22 8 2 <LOD 21 <LOD 3 <LOD 8 3.6 1.1 3.4 0.8 <LOD 1.4 947 65
15/10/2015 13:55:08 #108 5 X450 Soil 29 28 30 87.24 <LOD 7 <LOD 6 <LOD 1.5 1414 16 <LOD 7 <LOD 21 <LOD 2.9 <LOD 8 <LOD 3.2 2.7 0.7 <LOD 1.4 839 59
14/10/2015 13:46:33 #98 GW37 0 X309 Soil 29 29 30 87.7 94 6 89 4 <LOD 2.2 29845 148 331 7 <LOD 25 514 5 81 5 483 6 12 4 2.3 0.7 1134 96
14/10/2015 13:48:15 #99 0 X310 Soil 29 29 30 87.84 133 7 103 4 <LOD 2.2 30373 152 379 7 <LOD 25 537 5 69 5 510 6 <LOD 11 <LOD 2.1 1383 104
14/10/2015 13:50:01 #100 0 X311 Soil 29 29 30 87.99 94 7 90 4 <LOD 2.1 30193 152 365 7 <LOD 25 537 5 54 5 481 6 15 4 <LOD 2.2 1507 111
14/10/2015 13:52:13 #101 0.2 X312 Soil 29 29 30 88 91 6 95 4 <LOD 2.2 28714 147 319 7 <LOD 25 523 5 62 5 453 6 <LOD 12 <LOD 2.2 1091 99
14/10/2015 13:53:56 #102 0.2 X313 Soil 29 29 30 87.79 114 7 92 4 2.5 0.8 28359 143 338 7 <LOD 25 501 5 77 5 457 5 11 4 <LOD 2.2 1204 100
14/10/2015 13:55:46 #103 0.2 X314 Soil 29 29 30 87.75 95 6 92 4 <LOD 2.1 24995 124 313 7 <LOD 24 609 5 48 4 440 5 23 4 <LOD 2.2 1232 101
14/10/2015 13:58:30 #104 0.4 X315 Soil 29 29 30 87.83 29 4 <LOD 7 <LOD 1.8 6750 45 43 3 <LOD 24 14.3 1.3 <LOD 9 18 1.5 5.9 1 <LOD 1.7 276 54
14/10/2015 14:01:05 #105 0.4 X316 Soil 29 29 30 87.71 25 4 12 2 <LOD 1.8 7166 46 42 3 <LOD 23 16.9 1.3 11 3 18.3 1.5 5.3 1 <LOD 1.7 247 52
14/10/2015 14:02:50 #106 0.4 X317 Soil 29 29 30 87.95 31 4 12 2 <LOD 1.9 11092 65 42 4 <LOD 23 20.2 1.4 15 3 34.2 1.8 8.2 1.2 <LOD 1.7 284 60
15/10/2015 10:33:09 #56 0.6 X400 Soil 29 29 30 87.88 79 6 103 4 <LOD 2.1 30775 152 247 6 <LOD 25 358 4 51 4 268 4 12 3 <LOD 2 615 86
15/10/2015 10:35:30 #57 0.6 X401 Soil 29 29 30 87.93 78 6 95 4 2.8 0.7 29165 147 247 6 <LOD 25 324 4 54 4 263 4 25 3 <LOD 2.1 619 86
15/10/2015 10:37:28 #58 0.6 X402 Soil 29 29 30 87.87 66 6 106 4 2.9 0.7 25192 127 212 6 <LOD 25 268 4 42 4 224 4 10 3 <LOD 2 563 81
15/10/2015 10:39:30 #59 0.8 X403 Soil 29 29 30 87.74 34 5 17 3 <LOD 1.8 21079 104 247 6 <LOD 23 15.4 1.4 21 3 29.4 1.7 7.3 1.1 <LOD 1.7 294 69
15/10/2015 10:42:26 #60 0.8 X404 Soil 29 29 30 87.82 45 5 15 3 <LOD 1.8 20164 102 232 6 <LOD 24 16.3 1.4 17 3 32.8 1.8 7.4 1.1 <LOD 1.7 298 70
15/10/2015 10:44:13 #61 0.8 X405 Soil 29 29 30 88.06 52 6 14 3 <LOD 1.9 23580 120 229 6 <LOD 25 12.5 1.4 21 4 30.2 1.8 10.2 1.1 <LOD 1.7 248 72
15/10/2015 10:46:06 #62 1 X406 Soil 29 29 30 87.79 55 5 12 2 <LOD 1.8 18841 96 91 5 <LOD 24 3.7 1.2 14 3 16.4 1.5 9.7 1 1.9 0.6 <LOD 186
15/10/2015 10:48:00 #63 1 X407 Soil 29 29 30 87.73 53 6 9 2 <LOD 1.8 22286 109 90 5 <LOD 24 7.9 1.3 17 3 17.2 1.5 9.1 1 <LOD 1.7 <LOD 196
15/10/2015 10:49:45 #64 1 X408 Soil 29 29 30 88.05 57 6 14 3 <LOD 1.8 20374 107 69 5 <LOD 25 5.8 1.3 <LOD 11 18.5 1.6 10.1 1.1 <LOD 1.7 313 76
15/10/2015 10:51:32 #65 1.2 X409 Soil 29 29 30 87.76 52 4 <LOD 7 <LOD 1.7 4802 35 <LOD 8 <LOD 23 4.2 1.1 <LOD 9 9.6 1.3 6.2 0.9 <LOD 1.5 168 47
15/10/2015 10:53:35 #66 1.2 X410 Soil 29 29 30 87.71 21 3 <LOD 7 <LOD 1.7 4376 33 10 3 <LOD 23 3.7 1.1 <LOD 9 6.9 1.3 4 0.9 <LOD 1.5 155 47
15/10/2015 10:55:47 #67 1.2 X411 Soil 29 29 30 88.02 33 4 <LOD 7 <LOD 1.8 4294 33 <LOD 8 <LOD 23 5.8 1.2 <LOD 9 7.6 1.3 3.1 0.9 <LOD 1.6 <LOD 136
15/10/2015 10:57:43 #68 1.4 X412 Soil 29 29 30 87.66 21 4 <LOD 7 <LOD 1.8 7294 46 11 3 <LOD 23 5.2 1.1 <LOD 9 12.7 1.3 6.5 0.9 <LOD 1.6 216 52
15/10/2015 10:59:26 #69 1.4 X413 Soil 29 29 30 87.84 21 4 <LOD 7 <LOD 1.8 8701 53 11 3 <LOD 23 <LOD 3.4 14 3 12.2 1.4 13.4 1 <LOD 1.6 165 53
15/10/2015 11:01:07 #70 1.4 X414 Soil 29 29 30 87.84 15 4 <LOD 7 <LOD 1.8 6515 43 <LOD 9 <LOD 24 <LOD 3.3 13 3 9.5 1.3 7.4 0.9 <LOD 1.6 <LOD 153
14/10/2015 15:20:18 #119 1.6 X330 Soil 29 29 30 87.92 26 4 <LOD 7 <LOD 1.8 10067 59 72 4 <LOD 24 7.9 1.2 11 3 25.2 1.6 11.2 1 <LOD 1.6 1080 82
14/10/2015 15:22:31 #120 1.6 X331 Soil 29 29 30 87.84 55 4 <LOD 7 <LOD 1.8 7475 48 25 3 <LOD 23 5.5 1.2 10 3 18.7 1.5 7.4 0.9 <LOD 1.6 1135 80
14/10/2015 15:26:23 #121 1.7 X332 Soil 29 29 22 80.07 14 3 <LOD 6 <LOD 1.7 1452 17 <LOD 9 <LOD 23 4.6 1.1 <LOD 8 4.1 1.2 <LOD 2.4 <LOD 1.5 316 59
14/10/2015 15:28:04 #122 1.7 X333 Soil 29 29 30 87.87 10 3 <LOD 6 <LOD 1.6 1390 17 <LOD 7 <LOD 22 4.5 1.1 <LOD 8 <LOD 3.3 <LOD 2.4 <LOD 1.5 332 52
14/10/2015 15:30:27 #123 1.9 X334 Soil 29 29 30 87.69 <LOD 9 <LOD 6 <LOD 1.7 3371 27 <LOD 8 <LOD 22 <LOD 3.1 <LOD 8 4.8 1.2 5.5 0.8 <LOD 1.5 332 51
14/10/2015 15:32:26 #124 1.9 X335 Soil 29 29 30 87.72 <LOD 11 <LOD 7 <LOD 1.7 9163 54 <LOD 9 <LOD 23 <LOD 3.3 <LOD 9 6.7 1.3 12.7 1 <LOD 1.5 396 61
14/10/2015 15:34:13 #125 2.6 X336 Soil 29 28 30 87.21 <LOD 7 <LOD 6 <LOD 1.6 1755 18 <LOD 7 <LOD 21 <LOD 3 <LOD 8 5.7 1.1 3 0.8 <LOD 1.5 513 50
14/10/2015 15:36:58 #126 2.6 X337 Soil 29 29 13 70.61 <LOD 12 <LOD 5.8 <LOD 1.5 2069 20 <LOD 10 <LOD 21 <LOD 3.1 <LOD 8 4.2 1.1 <LOD 2.3 <LOD 1.5 456 78
14/10/2015 15:38:41 #127 2.7 X338 Soil 29 28 24 81.08 60 5 7 2 <LOD 1.7 10131 56 39 4 <LOD 22 <LOD 3.2 22 3 29.6 1.6 10.5 0.9 <LOD 1.5 2912 122
14/10/2015 15:40:30 #128 2.7 X339 Soil 29 28 30 87.21 55 4 10 2 <LOD 1.7 13376 68 63 4 <LOD 22 6.5 1.1 27 3 34.5 1.6 10.1 0.9 <LOD 1.5 3213 111
14/10/2015 15:42:24 #129 2.7 X340 Soil 29 29 30 87.36 48 4 8 2 <LOD 1.7 13249 69 57 4 <LOD 22 4.1 1.1 35 3 47.4 1.8 10.1 0.9 <LOD 1.5 3749 123
14/10/2015 15:45:57 #130 2.9 X341 Soil 29 28 30 87.36 41 4 9 2 <LOD 1.7 14559 74 84 4 <LOD 22 6.4 1.2 21 3 18.1 1.4 15.7 1 <LOD 1.6 3873 126
14/10/2015 15:48:15 #131 2.9 X342 Soil 29 29 30 87.79 54 5 <LOD 7 <LOD 1.7 16796 86 102 4 <LOD 23 6.1 1.2 18 3 16.7 1.4 11.6 1 <LOD 1.6 3489 131
14/10/2015 15:50:34 #132 3.1 X343 Soil 29 29 30 88.12 394 12 16 3 <LOD 2 49240 243 303 9 <LOD 26 <LOD 4 53 5 42 2 4.6 1 <LOD 1.8 556 110
14/10/2015 15:52:18 #133 3.1 X344 Soil 29 29 30 87.87 350 11 27 3 <LOD 2 47765 231 288 8 <LOD 25 <LOD 3.9 108 5 48 2 8.4 1 <LOD 1.7 880 111
14/10/2015 15:56:50 #134 5 X345 Soil 29 29 30 87.79 382 15 65 4 <LOD 2.4 133909 673 934 16 <LOD 28 <LOD 5.6 166 8 134 4 13.1 1.4 <LOD 2.1 <LOD 414
14/10/2015 15:58:42 #135 5 X346 Soil 29 29 30 87.56 331 10 22 3 <LOD 1.8 22220 110 414 8 <LOD 24 <LOD 3.2 92 4 46.9 1.9 7.1 0.8 <LOD 1.6 <LOD 234
14/10/2015 16:02:30 #136 5.2 X347 Soil 29 29 30 87.53 351 10 36 3 2.2 0.7 44816 204 406 8 <LOD 24 <LOD 3.7 90 5 62 2 6.1 0.9 <LOD 1.7 <LOD 240
14/10/2015 16:04:14 #137 5.2 X348 Soil 29 29 25 83.25 327 11 32 3 <LOD 2 40271 191 330 8 <LOD 24 <LOD 3.7 73 5 59 2 4.4 0.9 <LOD 1.7 <LOD 264
20/10/2015 11:54:17 #37 5.3 X773 Soil 29 28 30 87.28 77 5 19 2 <LOD 1.8 10387 59 101 4 <LOD 24 <LOD 3.2 25 3 19.7 1.5 4.6 0.8 <LOD 1.6 688 67
20/10/2015 11:57:00 #38 5.3 X774 Soil 29 28 30 87.17 26 3 11 2 <LOD 1.7 4493 33 14 3 <LOD 22 <LOD 3 15 3 10.8 1.3 5 0.8 <LOD 1.6 597 60
20/10/2015 11:59:27 #39 5.3 X775 Soil 29 28 30 87.12 37 4 10 2 <LOD 1.6 5949 38 44 3 <LOD 22 <LOD 3.1 12 3 13.3 1.3 3.8 0.8 <LOD 1.5 678 60
20/10/2015 12:01:32 #40 5.4 X776 Soil 29 29 30 87.38 77 5 19 2 <LOD 1.8 9582 56 72 4 <LOD 23 <LOD 3.3 27 3 19.6 1.5 3.3 0.8 <LOD 1.6 735 68
20/10/2015 12:05:03 #41 5.4 X777 Soil 29 29 30 87.51 40 4 15 2 <LOD 1.8 8037 50 51 3 <LOD 24 <LOD 3.3 21 3 19.2 1.5 5.1 0.9 <LOD 1.6 565 62
20/10/2015 12:06:59 #42 5.4 X778 Soil 29 29 30 87.46 36 4 9 2 <LOD 1.7 5301 37 26 3 <LOD 23 <LOD 3.1 10 3 9.9 1.3 5.4 0.8 2.2 0.5 618 59
20/10/2015 12:09:54 #43 5.6 X779 Soil 29 29 30 87.56 441 11 19 3 <LOD 1.9 44459 202 247 7 <LOD 24 <LOD 3.9 96 5 48 2 5.7 1 <LOD 1.7 <LOD 237
20/10/2015 12:11:49 #44 5.6 X780 Soil 29 29 30 87.29 364 10 31 3 <LOD 1.9 55686 246 218 7 <LOD 24 <LOD 3.9 127 5 52 2 8.1 1 <LOD 1.7 <LOD 241
20/10/2015 12:13:40 #45 5.6 X781 Soil 29 29 30 87.96 419 12 26 3 <LOD 2 58866 281 202 8 <LOD 25 <LOD 4 93 5 40 2 11.1 1.1 <LOD 1.8 <LOD 286
20/10/2015 12:15:49 #46 5.9 X782 Soil 29 29 30 87.88 268 11 26 3 <LOD 2 58091 273 397 9 <LOD 25 <LOD 4.2 110 5 40 2 7.7 1.1 <LOD 1.8 <LOD 277
20/10/2015 12:18:05 #47 5.9 X783 Soil 29 29 30 87.49 305 12 47 4 <LOD 2.2 112298 527 585 12 <LOD 26 6.1 1.8 129 6 62 3 9.4 1.3 3.2 0.7 <LOD 316
20/10/2015 12:19:58 #48 5.9 X784 Soil 29 29 30 87.48 370 10 21 3 <LOD 1.9 44608 201 278 7 <LOD 23 <LOD 3.7 89 5 33.7 1.8 6.1 0.9 <LOD 1.6 <LOD 234
20/10/2015 12:21:48 #49 6.2 X785 Soil 29 29 30 87.35 311 9 23 3 <LOD 1.9 46507 205 228 7 <LOD 23 <LOD 3.7 93 5 38.9 1.8 5.7 0.9 3 0.6 <LOD 224
20/10/2015 12:23:46 #50 6.2 X786 Soil 29 29 30 87.9 259 10 48 3 <LOD 2.1 60265 285 413 9 <LOD 25 <LOD 4.3 103 5 46 2 16.8 1.2 <LOD 1.8 <LOD 284
20/10/2015 12:25:44 #51 6.2 X787 Soil 29 29 30 87.91 355 12 58 4 <LOD 2.2 76114 360 353 9 <LOD 25 <LOD 4.6 119 6 54 2 12.3 1.2 <LOD 1.9 <LOD 310
20/10/2015 12:28:31 #52 6.4 X788 Soil 30 29 29 88.12 239 16 26 5 <LOD 3.3 304117 1837 926 18 <LOD 35 32 4 134 11 82 4 <LOD 7 <LOD 3 <LOD 474
20/10/2015 12:30:34 #53 6.4 X789 Soil 29 29 30 88.01 281 14 22 4 <LOD 2.4 137168 694 585 13 <LOD 29 <LOD 6 116 7 57 3 13.4 1.5 <LOD 2.2 <LOD 400
20/10/2015 12:32:38 #54 6.4 X790 Soil 29 29 30 87.72 319 9 9 2 <LOD 1.8 29428 138 147 6 <LOD 23 <LOD 3.6 70 4 28.2 1.7 <LOD 2.6 <LOD 1.6 <LOD 221
20/10/2015 12:35:00 #55 6.4 X791 Soil 29 29 30 88.06 325 16 44 4 <LOD 2.8 169068 906 679 15 <LOD 30 <LOD 7 119 8 73 3 18.2 1.7 <LOD 2.4 <LOD 418
20/10/2015 12:39:01 #56 6.5 X792 Soil 29 29 30 87.43 274 10 46 3 <LOD 2 53640 246 194 7 <LOD 25 <LOD 3.9 108 5 50 2 15.7 1.1 <LOD 1.8 <LOD 236
20/10/2015 12:41:29 #57 6.5 X793 Soil 29 29 30 87.77 319 10 29 3 <LOD 1.9 49961 232 185 7 <LOD 24 <LOD 3.9 88 5 44 2 11 1 <LOD 1.7 <LOD 258
20/10/2015 12:43:43 #58 6.5 X794 Soil 29 29 30 87.52 306 10 39 3 <LOD 2 48002 219 181 7 <LOD 24 <LOD 3.8 102 5 45 2 11.2 1 <LOD 1.7 <LOD 240
20/10/2015 12:47:03 #59 6.7 X795 Soil 29 29 30 87.68 342 12 45 3 <LOD 2.1 74251 345 448 10 <LOD 25 <LOD 4.4 113 6 81 3 14.1 1.2 <LOD 1.9 <LOD 291
20/10/2015 12:49:03 #60 6.7 X796 Soil 29 29 30 87.76 318 12 44 3 <LOD 2.1 65024 306 298 9 <LOD 26 <LOD 4.3 100 6 62 2 17.1 1.2 <LOD 1.8 <LOD 286
20/10/2015 12:51:03 #61 6.7 X797 Soil 29 29 30 88.41 337 14 39 4 <LOD 2.2 73105 381 311 10 <LOD 28 <LOD 4.7 72 6 63 3 20.8 1.3 <LOD 2 <LOD 368
19/10/2015 10:39:19 #14 GW38 0.2 X581 Soil 29 29 30 88.55 149 10 32 4 <LOD 2.7 66531 379 832 14 <LOD 31 <LOD 5.2 72 7 78 3 6.7 1.3 <LOD 2.3 <LOD 357
19/10/2015 10:41:20 #15 0.2 X582 Soil 29 29 30 88.42 152 10 30 4 3.9 0.9 69147 381 848 14 <LOD 31 <LOD 5.1 79 6 83 3 6.4 1.2 <LOD 2.3 <LOD 343
19/10/2015 10:43:19 #16 0.2 X583 Soil 29 29 30 88.55 158 10 32 4 <LOD 2.7 57030 331 780 14 <LOD 32 <LOD 5.1 56 6 64 3 5.5 1.2 <LOD 2.2 <LOD 337
19/10/2015 10:45:06 #17 0.3 X584 Soil 29 29 30 87.57 19 3 13 2 <LOD 1.7 4506 33 27 3 <LOD 23 29 1.4 <LOD 9 182 3 6.4 1.1 <LOD 1.6 <LOD 125
19/10/2015 10:46:50 #18 0.3 X585 Soil 29 29 30 87.69 16 3 10 2 <LOD 1.7 4892 35 35 3 <LOD 23 34.5 1.5 <LOD 9 201 3 3.7 1.2 <LOD 1.6 <LOD 126
19/10/2015 10:48:40 #19 0.3 X586 Soil 29 29 30 87.65 17 3 11 2 <LOD 1.7 4419 33 30 3 <LOD 23 32.1 1.5 <LOD 9 189 3 <LOD 3.4 <LOD 1.6 151 47
19/10/2015 10:50:41 #20 0.5 X587 Soil 29 29 30 87.57 <LOD 8 <LOD 7 <LOD 1.7 2487 23 20 3 <LOD 23 <LOD 3.1 <LOD 8 35 1.6 <LOD 2.3 <LOD 1.5 <LOD 116
19/10/2015 10:52:26 #21 0.5 X588 Soil 29 29 30 87.58 10 3 8 2 <LOD 1.7 2281 22 <LOD 8 <LOD 23 <LOD 3.2 <LOD 8 31.5 1.6 2.7 0.8 <LOD 1.5 <LOD 122
19/10/2015 10:54:10 #22 0.5 X589 Soil 29 29 30 87.66 <LOD 9 <LOD 6 <LOD 1.7 2975 26 9 3 <LOD 22 <LOD 3.1 <LOD 8 37.3 1.7 3.4 0.8 <LOD 1.5 <LOD 118
19/10/2015 10:56:02 #23 0.7 X590 Soil 29 29 30 87.58 <LOD 8 <LOD 7 <LOD 1.7 1602 18 <LOD 7 <LOD 23 <LOD 3.1 <LOD 8 17.1 1.4 3.7 0.8 <LOD 1.5 <LOD 113
19/10/2015 10:57:49 #24 0.7 X591 Soil 29 29 30 87.56 10 3 <LOD 7 <LOD 1.7 1616 18 12 3 <LOD 23 <LOD 3 <LOD 9 15.4 1.4 3.8 0.8 <LOD 1.5 175 45
19/10/2015 10:59:29 #25 0.7 X592 Soil 29 29 30 87.61 <LOD 8 <LOD 6 <LOD 1.6 1386 17 <LOD 7 <LOD 23 <LOD 3 <LOD 9 13.7 1.3 2.9 0.8 <LOD 1.5 161 45
19/10/2015 11:01:54 #26 1.3 X593 Soil 29 29 30 87.78 21 5 <LOD 7 <LOD 1.8 18688 96 18 4 <LOD 24 <LOD 3.5 <LOD 10 34.3 1.8 19.5 1.1 <LOD 1.6 <LOD 165
19/10/2015 11:04:03 #27 1.3 X594 Soil 29 29 30 87.77 30 5 9 2 <LOD 1.8 20045 101 41 4 <LOD 24 <LOD 3.5 16 3 41.8 1.9 20.4 1.1 <LOD 1.6 <LOD 181
19/10/2015 11:05:56 #28 1.3 X595 Soil 29 29 30 87.72 <LOD 13 <LOD 7 <LOD 1.8 17115 89 18 4 <LOD 24 <LOD 3.4 <LOD 10 20.9 1.6 16.3 1 <LOD 1.7 <LOD 161
19/10/2015 11:07:57 #29 1.3 X596 Soil 29 29 30 87.62 19 5 8 2 <LOD 1.8 24941 121 25 4 <LOD 24 <LOD 3.6 <LOD 10 15.9 1.5 26.8 1.2 <LOD 1.7 <LOD 175
19/10/2015 11:10:04 #30 1.5 X597 Soil 29 29 30 87.55 66 6 12 3 <LOD 1.9 27178 131 55 5 <LOD 24 <LOD 3.7 23 4 91 2 53.3 1.4 <LOD 1.7 702 79
19/10/2015 11:11:47 #31 1.5 X598 Soil 29 29 30 87.54 94 6 11 2 <LOD 1.7 17996 91 55 4 <LOD 23 <LOD 3.4 24 3 78 2 20.5 1 <LOD 1.6 324 63
19/10/2015 11:13:48 #32 1.5 X599 Soil 29 29 30 87.61 92 6 10 2 <LOD 1.9 21115 105 64 4 <LOD 24 <LOD 3.5 19 3 87 2 29.7 1.2 <LOD 1.6 428 67
19/10/2015 11:15:32 #33 1.5 X600 Soil 29 29 30 87.62 103 6 <LOD 7 <LOD 1.7 21921 108 62 5 <LOD 23 4 1.2 23 4 90 2 40.7 1.3 <LOD 1.7 286 68
11/11/2015 10:43:20 #20 1.5 XRF235 Soil 29 29 30 87.78 21 4 7 2 <LOD 1.8 16554 87 36 4 <LOD 23 25.2 1.5 <LOD 10 7.6 1.3 31 1.4 <LOD 1.6 1981 102
11/11/2015 10:46:42 #21 1.5 XRF236 Soil 29 29 30 87.7 24 5 9 3 <LOD 1.8 34524 162 165 5 <LOD 24 13.9 1.4 24 4 15.7 1.5 38.5 1.4 <LOD 1.7 318 65
11/11/2015 10:48:23 #22 1.5 XRF237 Soil 29 29 30 87.6 34 4 12 2 <LOD 1.8 22184 108 28 4 <LOD 23 5.6 1.2 19 3 10.7 1.4 37.3 1.3 <LOD 1.6 276 57
11/11/2015 10:51:25 #23 2 XRF238 Soil 29 29 30 87.56 185 7 16 3 <LOD 1.8 22116 107 53 4 <LOD 23 4.4 1.2 74 4 38.4 1.8 3.1 0.9 <LOD 1.6 <LOD 169
11/11/2015 10:53:28 #24 2 XRF239 Soil 29 29 30 87.87 243 9 14 3 <LOD 2 44632 210 85 6 <LOD 24 <LOD 3.9 84 5 48 2 11.2 1 <LOD 1.7 <LOD 245
11/11/2015 10:55:56 #25 2 XRF240 Soil 29 29 30 87.61 93 5 9 2 2.1 0.6 18052 89 26 4 <LOD 22 6.3 1.2 73 4 29.2 1.6 <LOD 2.6 <LOD 1.5 <LOD 160
11/11/2015 11:01:32 #26 2.5 XRF241 Soil 29 29 30 87.79 185 10 35 3 <LOD 2.1 69711 326 170 8 <LOD 25 <LOD 4.4 117 6 57 2 12.5 1.2 2 0.6 <LOD 276
11/11/2015 11:03:29 #27 2.5 XRF242 Soil 29 29 30 87.86 194 10 38 3 <LOD 2 65279 307 161 7 <LOD 25 <LOD 4.4 99 5 62 2 11.3 1.1 <LOD 1.9 <LOD 277
11/11/2015 11:05:40 #28 2.5 XRF243 Soil 29 29 30 87.93 256 11 41 3 <LOD 2.1 67028 319 164 8 <LOD 25 <LOD 4.5 98 6 58 2 10.3 1.2 <LOD 1.8 <LOD 286
11/11/2015 11:07:41 #29 3 XRF244 Soil 29 29 30 87.95 208 12 43 4 <LOD 2.2 112506 558 276 10 <LOD 28 <LOD 5.5 128 7 63 3 19.1 1.5 <LOD 2.1 <LOD 334
11/11/2015 11:09:47 #30 3 XRF245 Soil 29 29 30 88.08 309 13 44 4 <LOD 2.5 112928 576 302 10 <LOD 29 <LOD 5.7 127 7 69 3 27.3 1.6 <LOD 2.2 <LOD 338
11/11/2015 11:11:35 #31 3 XRF246 Soil 29 29 30 88.09 254 15 46 5 <LOD 2.7 163537 886 298 11 <LOD 30 <LOD 7 122 8 78 3 17.8 1.7 <LOD 2.4 <LOD 397
11/11/2015 11:13:27 #32 3.5 XRF247 Soil 29 29 30 87.66 335 12 95 4 <LOD 2.3 104588 505 400 10 <LOD 27 <LOD 5.2 209 7 61 3 20.1 1.4 4.3 0.7 <LOD 295
11/11/2015 11:15:25 #33 3.5 XRF248 Soil 29 29 30 88.08 314 14 70 4 <LOD 2.5 120121 626 409 12 <LOD 29 <LOD 5.7 175 8 75 3 13.1 1.4 <LOD 2.1 <LOD 364
11/11/2015 11:17:26 #34 3.5 XRF249 Soil 29 29 30 88.23 303 14 55 4 <LOD 2.4 98569 511 439 12 <LOD 29 <LOD 5.2 130 7 72 3 14.6 1.3 <LOD 2.1 <LOD 366
11/11/2015 11:19:49 #35 4 XRF250 Soil 29 29 30 88.2 335 14 56 4 <LOD 2.5 109008 582 1139 18 <LOD 31 <LOD 5.6 183 8 95 3 7.7 1.3 <LOD 2.3 <LOD 366
11/11/2015 11:21:29 #36 4 XRF251 Soil 29 29 30 88.37 334 16 43 5 3.6 1 119858 674 1313 21 <LOD 31 <LOD 6 195 9 95 4 13.4 1.5 <LOD 2.4 <LOD 432
11/11/2015 11:25:26 #37 4 XRF252 Soil 29 29 30 88.24 329 16 60 5 <LOD 2.8 131757 719 899 17 <LOD 31 <LOD 6 210 9 110 4 16 1.5 <LOD 2.2 <LOD 427
11/11/2015 11:27:34 #38 4.5 XRF253 Soil 29 29 30 87.95 292 13 48 4 <LOD 2.4 97036 485 851 14 <LOD 28 <LOD 5.2 136 7 74 3 11.3 1.3 <LOD 2.1 <LOD 348
11/11/2015 11:29:44 #39 4.5 XRF254 Soil 29 29 30 87.94 281 13 51 4 <LOD 2.3 109845 550 983 15 <LOD 28 <LOD 5.4 156 7 79 3 13.8 1.4 <LOD 2.2 <LOD 364
11/11/2015 11:31:42 #40 4.5 XRF255 Soil 29 29 30 88.08 308 13 52 4 <LOD 2.4 106474 543 969 16 <LOD 28 <LOD 5.5 154 7 85 3 12 1.4 <LOD 2.2 <LOD 359
11/11/2015 11:33:39 #41 5 XRF256 Soil 29 29 30 88.06 274 13 44 4 <LOD 2.4 117730 599 1019 16 <LOD 29 <LOD 5.7 156 7 84 3 12.5 1.4 <LOD 2.1 <LOD 379
11/11/2015 11:35:49 #42 5 XRF257 Soil 29 29 30 87.9 300 13 58 4 <LOD 2.6 134291 686 1876 24 <LOD 29 <LOD 6 212 8 100 3 13.9 1.5 <LOD 2.2 <LOD 383
11/11/2015 11:38:02 #43 5 XRF258 Soil 29 29 30 88.04 267 13 47 4 <LOD 2.5 105601 539 1106 17 <LOD 29 <LOD 5.4 136 7 68 3 16.9 1.4 <LOD 2.1 <LOD 349
11/11/2015 11:39:50 #44 6 XRF259 Soil 29 29 30 88.17 295 13 42 4 <LOD 2.4 95903 494 973 16 <LOD 29 <LOD 5.3 125 7 77 3 12.1 1.4 <LOD 2 <LOD 357
11/11/2015 11:42:31 #45 6 XRF260 Soil 29 29 30 88.09 316 13 43 4 <LOD 2.4 93966 486 1257 18 <LOD 29 <LOD 5.2 144 7 76 3 12.7 1.3 <LOD 2.1 <LOD 344
11/11/2015 11:44:23 #46 6 XRF261 Soil 29 29 30 88.08 315 13 49 4 <LOD 2.5 111360 577 1091 17 <LOD 29 <LOD 5.5 136 7 83 3 13.7 1.4 <LOD 2.2 <LOD 362
11/11/2015 11:46:27 #47 7 XRF262 Soil 29 29 30 88.18 277 13 41 4 <LOD 2.4 99784 516 964 16 <LOD 28 <LOD 5.1 143 7 74 3 15.6 1.3 <LOD 2.1 <LOD 380
11/11/2015 11:50:24 #48 7 XRF263 Soil 29 29 30 87.94 289 13 49 4 <LOD 2.5 111571 564 1335 19 <LOD 28 <LOD 5.5 148 7 85 3 13.7 1.4 <LOD 2.1 <LOD 348
11/11/2015 11:52:16 #49 7 XRF264 Soil 29 29 30 88.3 273 14 38 4 <LOD 2.5 98764 520 1241 19 <LOD 29 <LOD 5.5 125 7 70 3 14 1.4 <LOD 2.1 <LOD 382
Appendix D – Additional Material 
  
Statistical Methods 
All statistical analyses were completed using the statistical package SPSS (IBM SPSS Version 23.0). With 
respect to the ANOVA the assumption of normality was assessed using the Shapiro-Wilk test 
(performed on the standardised residuals); where the assumption failed the data were log-
transformed and the residuals re-tested. The assumption of homogeneity of variance was assessed 
using the Levene Statistic; where the assumption failed the Welch and Brown-Forsythe tests were 
used to re-test the data. Only those sites where these two assumptions were met were included in 
ANOVA. All post-hoc analyses were conducted using Tukey’s test. Where parametric tests (e.g. ANOVA 
or independent samples t-tests) could not be performed due to violations in the assumptions of 
normality or homogeneity of variance, the Mann-Whitney U test (independent samples) was used to 
test for statistically significant differences in the distribution and median of results between two 
groups. Differences in the medians were only calculated once the assumption that the distributions of 
the results was the same for the two sample groups was proved. Pearson correlation coefficients were 
used to identify statistically significant relationships between metals and selected elements (Fe and 
Mn) and field parameters (pH and ORP) - see Table 5. 
Analytical Methods  
Comparison of XRF v ICP-AES results 
A subset of XRF-derived metal concentrations were cross-compared using ICP-AES (measuring metal 
concentrations in total digest extracts, n=65); only samples with concentrations above the LOR were 
included. Data points were classified as outliers when a) the relative percent difference (RPD) was 
>30% (for concentrations >10 x LOR) or >50% (for concentrations <10 x LOR), as per Schedule B3 of 
NEPM, (2013), indicating the likely presence of metal fragments or particulates in the sample, and b) 
the presence of such metal fragments or particulates could be verified by the borehole log.  
To test the null hypothesis that the distribution and median of the XRF results were not statistically 
significantly different from the mean of the ICP-AES results for each metal, an independent samples 
Mann-Whitney U Test was performed. The results showed that there were no statistically significant 
differences in the distribution (p values between .404 and .917) nor in the median (p values between 
.419 and 1.000) of any of the metals across the two method types, except for Cr (p < .001) and Ni (p = 
.010). Note there were insufficient results above the LOR for cadmium to perform the Mann-Whitney 
U test. The results are summarised in Table S1 below. 
In comparison to ICP-AES, XRF results were systematically 17% higher for Cu (R2=0.98, n=37, 
n(outliers)=7), 7% higher for Fe (R2=0.83, n=49, n(outliers)=16), 14% lower for Pb (R2=0.98, n=43, 
n(outliers)=11), 19% higher for Mn (R2=0.88, n=41, n(outliers)=16), 12% lower for Zn (R2=0.98, n=52, 
n(outliers)=8) and 28% higher for Ni (R2=0.79, n=36, n(outliers)=9). With respect to Cr, XRF-derived 
concentrations were approximately 3 times higher than the laboratory results (R2=0.69, n=45, 
n(outliers)=6). With respect to As the XRF results were approximately 10% lower than the ICP-AES 
results but with a lower overall correlation coefficient than for other metals (R2=0.55, n=27, 
n(outliers)=5). 
Moisture and grain size checks (XRF samples) 
Moisture checks were performed on a subset of the samples (n=4), whereby metal concentrations 
were measured in moist sediment and then again 24 hours later after allowing sediment to dry. The 
results agreed within 0.5% or less for Fe (R2=0.95), Cu (R2=0.77) and Zn (R2=0.74) and within 0.3% or 
less for As, however the correlation coefficient for As was lower (R2=0.36). Note there were insufficient 
samples above the LOR for Ni and Cd to perform any moisture checks, and the R2 values for Mn and 
Cr were too low to draw any meaningful conclusions.  
Samples collected from fill were sieved before measurement to ensure metal detection in soil particles 
only. Grain size checks were performed on sieved/un-sieved samples (n=10); overall, the results 
agreed within 0.5% or less for all metals (R2=0.94-0.99), except As which agreed within 0.6% or less 
but had a lower correlation coefficient (R2=0.31). 
Table S1 Results of the XRF v ICP-AES comparison 
  n Mean Median Std. Dev. Std. 
Error 
Min Max Mann-
Whitney U 
“Distribution” 
(p value) 
“Median”  
(p value) 
Ni ICP-AES 36 32 26 21.45 3.58 4 99 419 .010 N/A 
XRF 36 43 35 26.81 4.47 17 162  
Zn ICP-AES 52 320 71 956.08 132.58 5 6270 1334 .907 .845 
XRF 52 297 54 844.35 117.09 4 5221  
Mn ICP-AES 41 143 94 137.46 21.47 6 515 751 .404 1.000 
XRF 41 176 95 168.38 26.30 11 694  
Pb ICP-AES 43 189 68 431.24 65.76 6 2740 913 .917 1.000 
XRF 43 173 61 370.89 56.56 4 2357  
Fe ICP-AES 49 14994 13500 12512.87 1787.55 590 66700 1171 .834 .419 
XRF 49 15471 12002 15514.12 2216.30 838 87314  
Cu ICP-AES 37 104 40 205.52 33.79 6 1150 643 .654 .816 
XRF 37 116 45 245.17 40.31 9 1433  
As ICP-AES 27 13 10 6.84 1.32 6 29 352 .822 .585 
XRF 27 12 10 6.30 1.21 5 31  
Cr ICP-AES 45 21 18 13.55 2.02 5 80 161 <.001 N/A 
XRF 45 69 63 43.96 6.55 12 283  
 
Method for heavy metal source separation 
Data analysis method – detailed explanation: 
Step 1: Statistical source categorisation 
1. Groundwater concentration (mg/L) was plotted against groundwater concentration 
normalised to mean fill concentration (minimum 3 data points from fill required). 
2. A Cook’s Distance was generated for each data point; outliers were deemed to be those points 
with distances > 4/n and were subsequently removed from the dataset. This process was 
repeated iteratively until all outliers had been removed, resulting in a list of boreholes 
associated with outliers. These boreholes were then individually examined for retention or 
removal from the dataset according to the following three criteria:  
a. Where the outlier results for a given borehole were consistent across the majority of 
sampling rounds (> 50%), all outliers and remaining data point(s) associated with that 
borehole were removed. 
b. Where the outlier results for a given borehole were inconsistent across the sampling 
rounds (≤ 50% outliers), the outlier point(s) were removed and the non-outlier(s) were 
retained. 
c. The remaining data points (i.e. the ‘mixed’ source category) were then investigated 
with respect to their leachability potential using the Soil Leaching Values (SLV, 
described in detail below) as a guide. Where maximum fill concentrations were < 10% 
of the SLV data points were manually removed and placed in the point source 
category, based on the assumption that leaching would be extremely unlikely given 
the low metal concentration in fill. Where maximum fill concentrations were >150% 
of the SLV and the outliers had been inconsistent across sampling rounds, data points 
were considered for manual removal and placement in the leaching category, pending 
results from Steps 2 and 3. 
3. A linear regression (R2) was applied to the remaining data points (i.e. the ‘mixed category’) 
using the Pearson correlation method and an equation for the line of best fit was generated 
along with the 95% upper and lower prediction intervals. 
4. The outliers were categorised according to their likely source type (leaching or point source)  
based on their position relative to the 95% prediction interval (above or below, respectively). 
a. Where outliers fell within the ‘mixed’ 95% prediction interval these data points were 
re-included in the mixed source category (assuming an adequate leachability potential 
as described above). 
Note the 95% prediction interval was chosen as a cut-off for outlier identification in order to 
be as strict as possible with this process (i.e. only those samples which plot above the upper 
95% PI are considered outliers as they must contain a significant amount of heavy metal in fill 
and a relatively elevated concentration in groundwater, and similarly, only those samples 
which plot below the lower 95% PI are considered outliers as they must contain a low amount 
of heavy metal in fill and a variable concentration in groundwater). 
5. Finally, a one-way ANOVA was conducted to prove (or disprove) that the three source 
categories were statistically significantly different in terms of their mean fill concentration. 
See Table S3 below for specific test results, including F statistics and η2 for all statistically 
significant results.  
Step 2: Comparison with Soil Leaching Values 
To further assess the potential that leaching of metal from the fill layer into groundwater was the 
source of metal in locations where groundwater vs. normalised concentrations plotted in the 
‘leaching’ section (Figure 3 in the manuscript), a Soil Leaching Value (SLV) was calculated. We used an 
analytical model developed by the Minnesota Pollution Control Agency to assess the potential (based 
on soil heavy metal concentrations, partition coefficients and bulk density) for leachable metal to be 
present in a given soil/fill. While the method is not widely used it incorporates parameters which are 
standard controls on metal leaching and is believed to provide a general indication (in conjunction 
with the other lines of evidence in the method) of the potential for fill leaching to be a significant 
metal source in groundwater. The equation used in the model is as follows: 
SLV = (Kd + ((w a H’)/ ρb)) (1 + (Kidm/IL)) ((d1 + d2)/ d1)   
Model parameters and their adopted values are described in Table S2 below.  Parameter values 
chosen for the Fishermans Bend fill were calculated using empirical data where available (mean 
concentrations), and default values based on clayey sand in all other cases. Where maximum heavy 
metal concentrations in fill do not exceed the respective SLV (+/- 50% to allow for heterogeneity in 
the sample matrix and likely source depletion given the age of the fill), the source category may be 
amended from leaching to mixed, pending Step 3 results. 
Table S2 Default and Fishermans Bend-specific parameters used in the equation for calculating Soil Leaching 
Value 
Parameter Symbol Units Default Value Fishermans Bend Fill 
Dry Soil Bulk Density ρb kg/L 1.5 1.5 
Volumetric Water Content w Lwater/Lsoil 0.15 0.12 
Volumetric Air Porosity a Lair/Lsoil 0.26 0.26 
Total Soil Porosity w a Lpore/Lsoil 0.41 0.38 
Henry’s law constant  dimensionless assumed zero for inorganic contaminants 
Soil-water Partition Coefficient Kd L/kg metal specific (developed by USEPA) 
Soil pH pH pH units 7.0 6.9 
Estimated Infiltration Rate I cm/yr 14 13 
Length of Source Parallel to GW Flow L in feet 100 8200 
Aquifer Hydraulic Conductivity K cm/sec 5.00E-03 0.001 
Hydraulic Gradient i unitless 0.005 0.002 
Depth of Mixing dm feet 15 25 
Dilution Attenuation Factor DAF unitless 20 20 
Thickness of Source Zone d1 feet 15 7.94 
Thickness of Lower Uncontaminated Zone d2 feet 0 1.31 
 
Step 3: Evaluation of XRF profiles 
An inspection of XRF profiles was then conducted from each site to look for further evidence of the 
likelihood that leaching could be a significant source. The profiles provide further empirical evidence 
of downward vertical movement of heavy metal from fill to natural sediment by applying quantitative 
(statistical) and qualitative techniques to the XRF dataset. The statistical analyses are based on the 
hypothesis that where leaching has been occurring, the natural sediment directly below the fill (e.g. 
up to 0.5 m below the base of the fill) may contain elevated heavy metal concentrations compared to 
the lower (e.g. between 0.5 and 1 m below the base of the fill) and basal sections of the natural 
sediment. Conversely, at locations where leaching has not been occurring (i.e. contamination in 
groundwater is more likely sourced from an up-gradient point source), it is hypothesised that no 
statistically significant differences in heavy metal concentration within the natural sediment may be 
found. Further, visual inspection of vertical trends in XRF-derived metal concentrations with depth 
and lithology, and normalisation of concentrations using Fe to indicate possible relative binding to Fe 
(oxy)hydroxides with depth and lithology, provides qualitative evidence with which to infer the 
leaching potential of a given metal from the soil profile (including fill) at each sampling location.  
Additional Results (all boreholes) 
Step 1 
Results of the statistical source categorisation method (Step 1) for all metals are presented below in 
Figure S1. Outliers are shown in different colours per borehole (separate points per sampling round). 
ANOVA results determining significant differences in the mean of the mean fill concentration between 
the three source categories are included below. For some metals there were one or fewer locations 
where leaching was proposed (Fe, Pb, Cr, Cd and As), hence only two source categories were included 
in the ANOVA. 
Significant differences between the three source categories for the mean Zn concentration (log-
transformed) in fill were found (F(2,29) = 24.753, p < 0.001, η2 = .631). Post hoc analyses revealed 
significant differences between all three source categories (all p values < .001). Significant differences 
between the three source categories for the mean Mn concentration (log-transformed) in fill were 
found (F(2,31) = 19.878, p < 0.001, η2 = .562). Post hoc analyses revealed significant differences 
between all three source categories (p values between < .001 and .050). Significant differences 
between the three source categories for the mean Ni concentration in fill were found (F(2,31) = 
16.138, p < 0.001, η2 = .510). Post hoc analyses revealed significant differences between all three 
source categories (p values between < .001 and .003). Significant differences between two of the 
source categories (point source and mixed) for the mean Pb concentration in fill were found (F(2,9) = 
100.872, p < 0.001, η2 = .957). Significant differences between the two source categories for the mean 
Fe concentration in fill were found (F(1,32) = 7.908, p = 0.008, η2 = .198). Significant differences 
between the two source categories for the mean Cr concentration in fill were found (F(1,22) = 14.523, 
p = 0.001, η2 = .398). Significant differences between the three source categories for the mean Cu 
concentration (log-transformed) in fill were found (F(2,14) = 17.269, p < 0.001, η2 = .712). Post hoc 
analyses revealed significant differences between all three source categories (p values between < .001 
and .047). An ANOVA could not be performed for Cd as there was only one source category (mixed) 
with detectable concentrations of Cd in fill. Significant differences between the two source categories 
for the mean As concentration (log-transformed) in fill were found (F(2,32) = 11.443, p < 0.001, η2 = 
.425). See Table S3 below for summary statistics (original data). 
 
 
Table S3 Summary statistics for mean fill concentrations across the three heavy metal source categories 
including Soil Leaching Values for the Fishermans Bend fill 
  n Mean Std. Dev. Std. Error Min. Max. SLV Levene’s 
test  
(p value) 
Shapiro-
Wilk test 
(p value) 
Zn Leaching 2 2042 1299.66 919.00 1124 2962 3172 .997 .133 
Point Source 9 70 42.90 14.30 30 155 
Mixed 21 274 305.64 66.70 50 1541 
Mn Leaching 8 357 119.83 42.37 244 630 152 .178 .178 
Point Source 5 67 34.70 15.2 38 116 
Mixed 21 237 124.54 27.18 55 517 
Ni Leaching 2 87 2.12 1.50 85 88 173 .200 .039 (K-S 
test, p = 
.078) 
Point Source 6 20 6.37 2.60 11 26 
Mixed 26 44 16.08 3.15 11 88 
Pb Leaching 1 1458 - - - - 3146 .185 .292 
Point Source 8 109 74.70 26.41 10 232 
Mixed 3 414 133.23 76.92 313 565 
Fe Leaching 0 - - - - - N/A .424 .458 
Point Source 7 12071 8644.34 3767.25 3493 24714 
Mixed 27 25137 11422.38 2198.24 4311 50955 
Cr Leaching 0 - - - - - >900
M 
.075 .162 
Point Source 13 50 26.58 7.37 16 109 
Mixed 11 99 35.69 10.76 53 151 
Cu Leaching 2 255 209.30 148.00 107 403 817 .296 .486 
Point Source 9 27 14.65 4.88 14 62 
Mixed 6 75 36.29 14.81 39 138 
Cd Point Source 2 <LOR - - - - 8.5 N/A N/A 
Mixed 4 3.2 0.39 0.20 2.7 3.5 
As Leaching 1 11 - - - - 6.8 .240 .465 
Point Source 7 3.6 1.27 0.48 2 6 
Mixed 26 9.6 4.84 0.95 4 23 
 
 
   Figure S1   Step 1 results for all metals showing individual boreholes and their likely metal sources in groundwater
Table S4 Results of step 1 are summarised in the table below 
Heavy 
metal 
Leaching Point Source Mixed 95% prediction interval for the mixed 
category 
Zn GW26, GW27 
(6%) 
GW06, GW07, GW08, GW09, GW12, 
GW21, GW22, GW23, GW36 (28%) 
21 bores in this 
category (total 32) 
(66%) 
y = (3.54x – 0.05) to (3.61x + 0.02) 
Mn GW03, GW05, 
GW24, GW25, 
GW26, GW27, 
GW30, GW36 
(21%) 
GW06, GW09, GW17, GW21, GW22 
(15%) 
22 bores in this 
category (total 34) 
(65%) 
y = (1.52x – 0.07) to (1.54x + 0.12) 
Ni GW01, GW02 
(0%) 
GW09, GW12, GW15, GW17, GW21, 
GW22, GW23 (21%) 
27 bores in this 
category (total 34) 
(79%) 
y = 0.45x ± 0.006 
As GW30 (0%) GW06, GW07, GW11, GW12, GW15, 
GW21, GW29 (21%) 
27 bores in this 
category (total 34) 
(79%) 
y = (0.07x – 0.003) to (0.07x + 0.004) 
Pb GW22 (8%) GW04, GW05, GW07, GW12, GW13, 
GW16, GW33, GW36 (67%) 
GW27, GW30, GW37 
(25%) 
y = (5.72x – 0.003) to (6.18x + 0.002) 
Fe None (0%) GW06, GW09, GW21, GW22, GW23 
(15%) 
29 bores in this 
category (total 34) 
(85%) 
y = (248.5x – 5.30) to (250.8x + 5.14) 
Cr None (0%) GW06, GW07, GW08, GW15, GW18, 
GW17, GW19, GW21, GW22, GW23, 
GW28, GW30 (50%) 
GW01, GW02, GW11, 
GW16, GW24, GW25, 
GW26, GW27, GW31, 
GW33, GW34, GW36 
(50%) 
y = (1.19x – 0.002) to (1.18x + 0.002) 
Cu GW26, GW30 
(6%) 
GW06, GW09, GW12, GW14, GW15, 
GW19, GW22, GW23, GW29 (53%) 
GW04, GW05, GW13, 
GW28, GW30, GW33, 
GW37 (41%) 
y = (0.24x – 0.0001) to (0.32x + 0.002) 
Cd None (0%) GW04, GW30 (33%) GW20, GW22, GW26, 
GW34 (67%) 
y = (0.014x – 0.0001) to (0.03x + 
0.0001) 
Bold = legacy landfill leachate impacted 
Underlined = close to former industrial sites 
_____ = location later re-categorised from leaching to mixed (based on Step 2 and 3 results)  
 
This step of the method identified eleven locations where one or more heavy metals in groundwater 
had a high likelihood of being sourced solely from leaching of fill (GW03, GW05, GW22, GW24, GW25, 
GW26, GW27, GW30). Two of these locations (GW24 and GW25) are located in close proximity to 
legacy landfills where the fill contains some waste material, and two locations (GW03 and GW05) were 
screened directly in waste material. The remaining four locations (GW22, GW26, GW27 and GW30) 
are located within the Sandridge sub-precinct where a number of industrial activities such as chemical 
manufacturing took place. To examine further theoretical, empirical and qualitative evidence of 
leaching at these eleven locations, Steps 2 and 3 were undertaken (results presented below). The fill 
source comprised an average of 5% of the total metals in groundwater, whilst point sources accounted 
for 26% and the mixed source accounted for 69% (total = 220 samples with detectable metals). 
Step 2 
The Fishermans Bend SLV (FB-SLV) for each metal is presented in Table S5, with default SLVs (MPCA, 
2013) for comparison. The FB-SLVs for Cr (III) and Ni were above the maximum concentrations in fill 
at all sampling locations; hence leaching of these metals from fill was considered unlikely. This is 
consistent with low concentrations of these metals in groundwater (Cr ranges from 0.001 to 0.108 
mg/L; Ni ranges from 0.001 to 0.541 mg/L) (see Table 2 in the paper). Modearte to strong correlations 
with Fe and Mn unique to Cr (R2 values = 0.77 (Fe) and 0.65 (Mn)) and Ni (R2 values = 0.84 (Fe) and 
0.82 (Mn)) across fill, Port Melbourne Sand and Coode Island Silt sediments suggest association of 
these metals with Fe and Mn (hydr)oxides and that these metals are constituents of natural sediment, 
originating from weathering rather than anthropogenic input. For this reason, Cr and Ni in the shallow 
groundwater were considered to be either sourced from natural material or Fe or  Mn (hydr)oxides 
present in fill, via dissolution or desorption.  
Table S5 Default and Fishermans Bend-specific Soil Leaching Values and Percent Metal in Groundwater 
(relative to fill) 
 As Cd Cr (III) Cr 
(VI)* 
Cu Hg Mn Ni Pb Se Zn 
 mg/kg 
Default 
SLV 
5.4 8.8 1000,000,000 36 700 3.3 130 180 2700 2.6 3000 
FB-SLV 6.8 8.5 978,589,457 42 817 3.1 152 173 3146 3.3 3172 
*Cr(VI) was not detected in the groundwater (n=6) hence only the Cr(III) values were considered for leaching purposes 
At locations where Step 1 of the method proposed a high likelihood of leaching the maximum heavy 
metal concentration in fill was typically above the corresponding FB-SLV (+/- 50%) (see Table S6 below) 
with the following exception; Cu at GW30. This location was subsequently considered for amendment 
to the mixed category, pending Step 3 results. 
Table S6 Results of Step 2 – comparison between the maximum metal concentration in fill and the corresponding 
SLVs 
Metal FB-SLV 
(mg/kg) 
Bore ID Mean fill 
conc. (mg/kg) 
Max fill conc. (mg/kg) and 
percent of the FB-SLV 
Zn 3172 GW26 1124 1904 (60%) 
GW27 2962 5221 (>100%) 
Mn 152 GW03 244 694 (>100%) 
GW24 361 705 (>100%) 
GW25 344 615 (>100%) 
GW26 298 385 (>100%) 
GW27 630 853 (>100%) 
GW30 317 660 (>100%) 
GW36 387 1027 (>100%) 
Ni 173 GW01 88 162 (94%) 
GW02 85 137 (79%) 
As 6.8 GW30 11 19 (>100%) 
Pb 3146 GW22 1458 4853 (>100%) 
Cu 817 GW26 403 865 (>100%) 
GW30 127 239 (29%) 
 
Conversely, at locations where the method indicated a higher likelihood of impacts solely from point 
sources the maximum heavy metal concentration in fill was typically below the corresponding FB-SLV 
(e.g. within 3 and 23% of the FB-SLV for Zn, within 1 and 52% for Pb, within 4 and 9% for Cu and 0% 
for Cd). Exceptions were Mn where multiple locations had maximum fill concentrations above the FB-
SLV, however, mean concentrations were much lower (between 38 and 116 mg/kg) indicating a lack 
of consistently elevated concentrations throughout the fill. There was one location where this was 
also the case for Cu.  
Step 3 
At locations where the first two steps in the method proposed a high likelihood of leaching, statistically 
significant differences in metal concentrations between the upper and lower natural sediment were 
generally found through inspection of the XRF profiles, indicating probable downwards vertical 
movement of metal from fill to natural sediment (p values between .003 and .040). Conversely, at 
locations where the method indicated a higher likelihood of impacts solely from point sources, there 
were no statistically significant differences between the upper and lower natural sediment indicating 
a lack of downwards vertical metal movement. At many of these locations metals were detectable in 
fill at low concentrations (i.e. below the FB-SLV, see Step 2) and were absent from the upper natural 
sediment altogether (i.e. concentrations <LOR). ANOVA results and summary statistics are reported in 
the tables below, per metal; where ANOVAs could not be performed due to assumption violations or 
lack of sufficient data points, only summary statistics are given; for these locations examination of the 
XRF profiles and concentration changes with depth were relied on for a qualitative assessment of 
leachability potential.  
Zinc 
At GW26 and GW27 statistically significant differences in mean Zn (log) concentration between the fill 
and upper natural sediment were found (p < .001 and p = .006, respectively) and between the upper 
and lower natural sediment (p = .014 and .040, respectively). No significant differences were found 
between the lower and basal sections of the natural sediment at either location (p = .080 and .391, 
respectively). Conversely, at GW06, GW07, GW08, GW09, GW12, GW21, GW22 and GW36 no 
statistically significant differences in mean Zn (log) concentration between the upper and lower 
natural sediment were found (p values between .556 and .963), nor between the lower and basal 
sections of the natural sediment (p values between .282 and .986). Significant differences between fill 
and upper natural sediment were found at GW12 (p = .025). Summary statistics for Zn (original data) 
at these locations are presented in the table below. 
Zn   n Mean Std. Dev. Std. Error Min Max 
Leaching GW26 Fill 5 1330 516.61 231.04 498 1904 
 Natural upper 3 58 29.58 17.08 30 89 
 Natural lower 2 8.7 0.92 0.65 8 9.3 
 Natural basal 5 3.0 1.90 0.85 <LOR 6.1 
GW27 Fill 3 3869 2276.31 1314.23 1241 5221 
 Natural upper 3 136 91.92 53.07 60 238 
 Natural lower 2 10 2.40 1.70 8.5 11.9 
 Natural basal 2 3.4 2.79 1.98 <LOR 5.5 
No 
leaching 
(point 
source) 
 
GW06 Fill 4 225 346.44 173.22 11.4 740 
 Natural upper 2 14 2.36 1.67 12.3 15.6 
 Natural lower 2 36 25.86 18.28 18 54 
 Natural basal 1 <LOR - - - - 
GW07 Fill 10 38 32.35 10.23 11.2 110 
 Natural upper 2 16 11.95 8.45 7.4 24.3 
 Natural lower 2 9.2 2.19 1.55 7.6 10.7 
 Natural basal 3 2.9 1.21 0.70 <LOR 3.7 
GW08 Fill 9 30 35.74 11.91 <LOR 96 
 Natural upper 2 2.7 1.63 1.15 <LOR 3.8 
 Natural lower 2 <LOR - - - - 
 Natural basal 0 - - - - - 
GW09 Fill 9 32 57.18 19.06 <LOR 181 
 Natural upper 2 4.6 3.09 2.18 <LOR 6.8 
 Natural lower 2 <LOR - - - - 
 Natural basal 2 3.0 0.42 0.30 2.7 3.3 
GW12 Fill 5 85 80.82 36.14 22 216 
 Natural upper 2 4.9 4.76 3.37 1.5 8.2 
 Natural lower 2 3.5 1.43 1.01 2.5 4.5 
 Natural basal 2 <LOR - - - - 
GW21 Fill 6 42 36.71 14.99 5.2 99 
 Natural upper 2 2.7 1.70 1.20 1.5 3.9 
 Natural lower 2 8.0 5.87 4.15 4.4 12.7 
 Natural basal 1 3.6 - - - - 
GW22 Fill 6 131 75.77 30.93 14.7 209 
 Natural upper 4 35 20.32 10.16 18 64 
 Natural lower 2 8.8 1.94 1.38 7.5 10.2 
 Natural basal 3 4.9 1.78 1.03 2.9 6.2 
GW23 Fill 5 155 126.25 56.46 27 353 
Natural upper 1 8 - - - - 
Natural lower 1 <LOR - - - - 
Natural basal 0 - - - - - 
GW36 Fill 3 82 57.49 33.19 42 148 
 Natural upper 3 16 4.78 2.76 12 21 
 Natural lower 4 28 22.75 11.37 8.9 58 
 Natural basal 4 14 9.70 4.85 <LOR 24 
 
 
The two profiles in the figure above show zinc concentration versus depth through fill (brown) and 
natural sediment (pale grey; Port Melbourne Sand). At the location with a higher likelihood of Zn 
leaching (GW26), Zn concentrations (black line) are elevated in the fill (> 1000 mg/kg) and remain 
elevated in the upper natural sediment (between 10 and 100 mg/kg) before decreasing to < 10 mg/kg 
in the lower natural sediment, indicating downwards vertical movement of Zn from fill to sediment. 
The normalised (to Fe) profile (red line) shows a similar pattern whereby Zn concentrations remain 
high in the fill, suggesting that not all Zn is bound to Fe-oxides and that some may be mobile. At the 
location with a higher likelihood of Zn being sourced from a point source within groundwater, Zn 
concentrations are somewhat elevated in fill (up to 100 mg/kg) but are extremely low (< 4 mg/kg) in 
the upper and lower natural sediment. At 2.5 mbgs there is some evidence of Zn re-adsorption at the 
sediment/water table interface. 
Copper 
At GW26 statistically significant differences in mean Cu (log) concentration between the fill and upper 
natural sediment were found (p = .003). All samples in the lower and basal sections of the natural 
sediment were <LOR and therefore could not be included in the ANOVA. Cu results did not meet the 
normality assumption at GW30, however the summary statistics are included below. Based on the 
presence of Cu in the upper natural sediment and the lack of detectable Cu in the lower natural 
sediment at GW26, there is some evidence to suggest downward vertical movement of heavy metal 
from fill to the natural sediment. This is not the case at GW30 and given the maximum fill 
concentration is only 29% of the FB-SLV (see Table S6 above), there is sufficient evidence to move Cu 
from the leaching to the mixed (indistinguishable) source category at this location.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cu   n Mean Std. Dev. Std. Error Min Max 
Leaching GW26 Fill 5 477 255.26 114.16 155 865 
 Natural upper 2 21 19.09 13.50 <LOR 34 
 Natural lower 2 <LOR - - - - 
 Natural basal 2 <LOR - - - - 
GW30 Fill 5 127 97.77 39.91 <LOR 239 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 <LOR - - - - 
 Natural basal 3 <LOR - - - - 
No 
leaching 
(point 
source) 
 
GW06 Fill 4 144 255.12 127.56 9 526 
 Natural upper 2 14.5 0.94 0.67 14 15 
 Natural lower 2 28 22.16 15.67 13 44 
 Natural basal 1 <LOR - - - - 
GW09 Fill 9 16 12.57 4.19 <LOR 46 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 <LOR - - - - 
 Natural basal 2 <LOR - - - - 
GW12 Fill 5 29 12.83 10.66 13 71 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 <LOR - - - - 
 Natural basal 2 <LOR - - - - 
GW14 Fill 2 62 9.19 6.50 55 68 
 Natural upper 2 9 1.20 0.69 8 10 
 Natural lower 3 9 1.78 1.02 <LOR 11 
 Natural basal 5 <LOR - - - - 
GW22 Fill 6 24 12.15 4.96 <LOR 37 
 Natural upper 4 6.3 3.30 1.65 <LOR 11 
 Natural lower 2 <LOR - - - - 
 Natural basal 3 <LOR - - - - 
GW23 Fill 5 14 11.24 5.03 <LOR 33 
 Natural upper 1 <LOR - - - - 
 Natural lower 1 <LOR - - - - 
 Natural basal 0 - - - - - 
GW29 Fill 4 32 20.44 10.22 14 60 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 <LOR - - - - 
 Natural basal 1 <LOR - - - - 
 Lead 
At GW22 statistically significant differences in mean Pb (log) concentration between the fill and upper 
natural sediment were found (p = .024) and between the upper and lower natural sediment (p = .019). 
All samples in the basal section of the natural sediment were <LOR and not therefore not included in 
the ANOVA. At GW07, GW12, GW13 and GW16 all concentrations within the natural sediment were 
extremely low (between <LOR and 5 mg/kg) except for the lower natural sediment at GW07 where re-
adsorption of some Pb at the sediment/water table interface may be occurring (likely sourced from 
impacted groundwater associated with an up-gradient legacy landfill plume). At GW33 and GW36 
elevated concentrations in natural sediment (between 4.5 and 184 mg/kg) appear to be associated 
with transitional material (sandy clay) and a clay lense, respectively. Summary statistics for Pb (original 
data) at these locations are presented in the table below. 
Pb   n Mean Std. Dev. Std. Error Min Max 
Leaching GW22 Fill 6 1458 1704.22 695.74 262 4854 
 Natural upper 4 163 60.07 30.03 107 242 
 Natural lower 2 17 16.05 11.35 5.5 28 
 Natural basal 3 <LOR - - - - 
No 
leaching 
(point 
source) 
GW07 Fill 10 10 7.81 2.47 <LOR 22 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 9.9 5.98 4.23 5.7 14.2 
 Natural basal 3 <LOR - - - - 
GW12 Fill 5 117 160.10 71.60 15 399 
Natural upper 2 <LOR - - - - 
Natural lower 2 <LOR - - - - 
Natural basal 2 <LOR - - - - 
GW13 Fill 6 116 46.34 18.92 64 190 
Natural upper 3 5 3.51 2.03 <LOR 9 
Natural lower 2 <LOR - - - - 
Natural basal 3 <LOR - - - - 
GW16 Fill 7 119 99.58 37.64 21 274 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 <LOR - - - - 
 Natural basal 2 <LOR - - - - 
GW33 Fill 6 99 69.45 28.35 13 188 
 Natural upper 3 184 111.21 64.21 113 312 
 Natural lower 2 32 24.96 17.65 15 50 
 Natural basal 2 9 0.97 0.68 8 9.5 
GW36 Fill 3 21 9.50 5.49 13 31 
 Natural upper 3 4.5 2.18 1.26 <LOR 6.2 
 Natural lower 4 15 9.40 4.70 6.2 25 
 Natural basal 4 5.5 3.59 1.79 <LOR 10.5 
 
 
Arsenic 
At GW30 statistically significant differences in mean As concentration between the upper and lower 
natural sediment were found (p = .024) and between the lower and basal sections of the natural 
sediment (p = .014). However, the elevated concentrations of As occur in the lower rather than the 
upper section of the natural sediment, possibly due to re-adsorption of As at the sediment/water table 
interface, consistent with findings for Mn at GW30. Given the high likelihood of other metals (Cr and 
Cd) being sourced from a point source at this location, it may be that leaching of As and contamination 
from a plume within the groundwater are both sources of As in groundwater. For this reason, and the 
fact that the As data points lie extremely close to the upper 95% PI for GW30 (see Figure S1), there is 
sufficient evidence to move As into the mixed source category at this location. At GW06, GW07, 
GW11, GW12 and GW21 there were insufficient results >LOR to complete ANOVAs, however the 
summary statistics show low (or <LOR) concentrations in fill and natural sediment, indicating a lack of 
leaching at these locations. Evidence for re-adsorption of As at the sediment/water table interface at 
GW12 and GW21 is apparent, consistent with a similar finding for Zn at GW21. Summary statistics are 
presented in the table below. 
 
 
 
As   n Mean Std. Dev. Std. Error Min Max 
Leaching GW30 Fill 5 13 4.34 1.94 7.3 19 
 Natural upper 2 3.8 2.64 1.87 <LOR 5.7 
 Natural lower 2 19 6.79 4.80 14 24 
 Natural basal 3 3.5 1.09 0.63 <LOR 4.7 
No 
leaching 
(point 
source) 
GW06 Fill 4 <LOR - - - - 
Natural upper 2 3.3 0.92 0.65 <LOR 4.0 
Natural lower 2 4.6 3.13 2.22 <LOR 6.8 
Natural basal 1 <LOR - - - - 
GW07 Fill 10 3.4 3.11 0.98 <LOR 11.5 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 <LOR - - - - 
 Natural basal 3 <LOR - - - - 
GW11 
 
 
Fill 6 3.6 2.27 0.93 <LOR 6.0 
Natural upper 2 <LOR - - - - 
Natural lower 1 <LOR - - - - 
Natural basal 2 <LOR - - - - 
GW12 Fill 5 3.6 3.15 1.41 <LOR 9.0 
Natural upper 2 <LOR - - - - 
Natural lower 2 3.2 1.98 1.40 <LOR 4.6 
Natural basal 2 <LOR - - - - 
GW21 Fill 6 <LOR - - - - 
Natural upper 2 <LOR - - - - 
Natural lower 2 4.3 1.91 1.35 3.0 5.7 
Natural basal 1 3.6 - - - - 
 
Manganese 
At GW24 and GW30 statistically significant differences in mean Mn (log) concentration between the 
fill and upper natural sediment were found (p = .019 and .001, respectively) but not between the 
upper and lower natural sediment (p = .417 and .770, respectively) nor between the lower and basal 
sections of the natural sediment (p = .052 and .992, respectively). One explanation may be that Mn 
more readily dissolves into solution after downwards vertical movement from fill to natural sediment, 
compared to other metals. At locations where a higher likelihood of leaching is occurring Mn is 
evidently present in the upper natural sediment indicating some downwards vertical movement, and 
at GW25 and GW27 concentrations have decreased to <LOR in the lower natural sediment. One 
exception to this is GW36 where leaching is proposed but no detectable Mn is present in the upper 
natural sediment. Given the high likelihood of other metals (Pb and Zn) being sourced from a point 
source at this location, it may be that leaching of Mn and contamination from a plume within the 
groundwater are both sources of Mn in groundwater. For this reason, and the fact that the Mn data 
points are inconsistent across the seasons at GW26 (one plots within the 95% PI while the others plots 
above the upper 95% PI; see Figure S1), there is sufficient evidence to move Mn into the mixed source 
category at this location. At locations more likely impacted by a point source Mn concentration is 
typically <LOR in the upper natural sediment. 
 
 
 
 
 
 
Mn   n Mean Std. Dev. Std. Error Min Max 
Leaching GW24 Fill 4 361 246.94 123.47 155 705 
Natural upper 3 28 25.43 14.68 <LOR 55 
Natural lower 2 <LOR - - - - 
Natural basal 4 81 51.16 25.58 <LOR 705 
GW25 Fill 7 344 219.94 83.13 12 615 
Natural upper 3 28 38.71 22.35 <LOR 72.5 
Natural lower 3 <LOR - - - - 
Natural basal 5 <LOR - - - - 
GW26 Fill 5 339 46.50 20.80 261 385 
 Natural upper 3 39 46.48 26.83 12 93 
 Natural lower 2 18 1.06 0.75 17 18.5 
 Natural basal 5 18 12.03 5.38 <LOR 35 
GW27 Fill 3 783 61.51 35.51 742 853 
 Natural upper 3 60 96.71 55.83 <LOR 172 
 Natural lower 2 <LOR - - - - 
 Natural basal 2 <LOR - - - - 
GW30 Fill 5 379 222.93 99.70 147 660 
Natural upper 2 8.5 6.36 4.50 <LOR 13 
Natural lower 2 16 9.90 7.00 8.5 22.5 
Natural basal 3 18 9.09 5.25 10.5 28 
GW36 Fill 3 387 554.18 319.96 62 1027 
Natural upper 3 <LOR - - - - 
Natural lower 4 49 27.75 13.88 18 77 
Natural basal 4 37 22.63 11.32 <LOR 58 
No 
leaching 
(point 
source) 
 
GW06 Fill 4 153 228.38 114.19 <LOR 487 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 41 13.67 9.67 31 50 
 Natural basal 1 <LOR - - - - 
GW09 Fill 9 38 70.24 23.41 <LOR 207 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 <LOR - - - - 
 Natural basal 2 <LOR - - - - 
GW17 Fill 3 342 485.36 280.22 37 902 
 Natural upper 5 <LOR - - - - 
 Natural lower 4 43 17.56 8.78 28 68 
 Natural basal 2 <LOR - - - - 
GW21 Fill 6 49 49.03 20.02 <LOR 114 
 Natural upper 2 <LOR - - - - 
 Natural lower 2 15 15.20 10.75 <LOR 25.5 
 Natural basal 1 <LOR - - - - 
GW22 Fill 6 104 71.96 29.38 10 227 
 Natural upper 4 7 6.00 3.00 <LOR 16 
 Natural lower 2 <LOR - - - - 
 Natural basal 3 <LOR - - - - 
 
 Nickel 
ANOVAs could not be performed for the locations where the method proposed a higher likelihood of 
Ni leaching (GW01 and GW02) as both boreholes were screened entirely in waste (fill) material. The 
vertical profiles (figures below) indicate a strong correlation between Fe and Ni in the solid phase at 
both GW01 (R2 = 0.82) and GW02 (R2 = 0.92) suggesting Ni is bound to Fe-oxides within the fill and 
therefore unlikely to leach easily. Instead Ni in groundwater at these locations is more likely sourced 
from leachate impacted groundwater with some leaching from waste material containing metal 
particulates. For this reason, there is sufficient evidence to move Ni at these locations from the 
leaching to the mixed source category. 
 
Method assumptions 
1. XRF data are robust and suitable for use (e.g. the method uses the mean concentration of 
heavy metal in fill based on multiple data points derived from the XRF). 
2. Using the mean fill concentration for normalisation of groundwater heavy metal 
concentration is the most representative way to characterise the overall concentration in fill, 
as opposed to the sum of all metal concentrations or the maximum or median values. Given 
the extensiveness of our XRF dataset (typically one measurement per every 20 cm), we argue 
the mean concentration can be relied upon to accurately represent the relative contamination 
in fill at each location.  
3. Calculating a Cook’s distance and using 4/n as the cut-off is a suitable method for outlier 
identification.  
4. The line of best fit (post outlier removal) is a good and useful representation of locations 
where the source type is mixed (i.e. indistinguishable). In the case of Fishermans Bend, it may 
be reasonably acceptable to assume that the majority of data points might plot within this 
category, given the sampling locations were deliberately chosen in background areas (e.g. 
footpaths, roads and nature strips) and are hence in and of themselves generally 
representative of background conditions. However, given land use changes over time, there 
were some locations where drilling through waste material occurred (e.g. within legacy landfill 
cells). Given this, and the fact that point sources do not obey property boundaries, the outliers 
in the dataset are of most interest and are most likely to represent locations where processes 
and/or conditions such as leaching or point source impacts are both meaningful and 
distinguishable from the bulk of the dataset. 
5. Absolute concentrations from within the mixed category may therefore be more reliably 
representative of ‘true’ background/ambient concentrations for heavy metals in the shallow 
groundwater at Fishermans Bend. 
Method limitations 
1. Only one round of fill/sediment sampling was undertaken, hence any temporal variations in 
fill/sediment have not been captured nor assessed.   
2. Groundwater chemistry data rarely fit standard distributions and there is much heterogeneity 
in subsurface conditions (both physical and geochemical), hence the use of statistics (e.g. 
ANOVA) is limited. The assumptions for the use of ANOVA have been rigorously applied in this 
study (e.g. homogeneity of variance and normality) and only those locations where the 
assumptions were met have the tests been carried out and the results reported.  
Appendix E – Soil Leaching Values for the Fishermans Bend fill 
Calculated Site Adjusted Soil Leaching Values (SLVs)
Summary of Results of SLV Worksheet
Input Values Used For Site Adjusted SLV Calculations 
Parameter Value Units Data source (blue = empirical data)
Dry Soil Bulk Density 1.5 (kg/L) Default value
Total Soil Porosity (n) 0.38 (Lpore/Lsoil) Based on USCS Soil Classification (Clayey sand "CS") 
Volumetric Water Content (VWC) 0.12 (Lwater/Lsoil)
Based on equation: VWC = GWC x bulk density. Average GWC (moisture content (%)) of fill samples from unsaturated zone = 7.76% or 0.0776; n=43. Hence 
0.0776 x 1.5 kg/L (default bulk density) = 0.12.
Volumetric Air Porosity (VAP) 0.26 (Lair/Lsoil) Default value (calculated based on n and VWC)
Fraction of Total Organic Carbon (foc) 3.72 % Average TOC% of fill samples from unsaturated zone (n=5). 
Soil pH 6.9 pH units Average pH of fill samples from unsaturated zone (n=8).
Estimated Infiltration Rate (cm/yr) 13 cm/yr Default value - based on USCS Soil Classification (Clayey sand "CS") 
Infiltration Rate Scaling Factor (ISF) 0.85 unitless
Calculated - based on long-term annual average precipitation for the closest weather station (Flemington Racecourse) = 587.8 mm (23.14 inches) (data sourced 
from the Australian Bureau of Meteorology website on 15/5/17).
Adjusted Tier 2 Infiltration Rate (I) 11.05 cm/yr Default value (calculated based on estimated infiltration rate and I)
Length of Source Parallel to GW Flow (L) 8200 in feet Length of study area = 2.5 km (8200 ft) - based on evidence of a laterally continuous fill layer across the study area
Aquifer Thickness (da) 25 in feet
Based on recorded average thicknesses of the Port Melbourne Sand aquifer of between 5 and 10 m (average of 7.5 m used here = 25 ft) (Neilson, 1992; 
Holdgate and Norvick, 2017).
Aquifer Hydraulic Conductivity (K) 0.001 cm/sec Based on K value cited in Leonard (2006) = 0.86 m/d = 0.00001 m/s = 0.001 cm/sec
Hydraulic Gradient (i) 0.002 feet/foot Average of three hydrualic gradients (0.0008, 0.002 and 0.004) calculated along different flow paths across the study area
Depth of Mixing (dm) 25 feet Depth of mixing = aquifer thickness (da) (mixing assumed to occur over the entire aquifer)
Dilution Attenuation Factor (DAF) 20 unitless Default value
Thickness of Source Zone (d1) 7.94 feet Average thickness of the fill material across the study area = 2.42 m (7.94 ft). 
Thickness of Lower Unconaminated Zone (d2) 1.31 feet "Thickness of source to groundwater": Average thickness from base of fill material to groundwater level across the study area = 0.40 m (1.31 ft). 
Contaminant Redistribution Factor (CRF) 1.16 unitless Default value (calculated based on input parameters)
CHEMICAL (INORGANICS) Site Adjusted SLV (mg/kg)
Antimony 6.3
Arsenic* 6.8
Barium 1960.8
Beryllium 2.1
Boron 71.7
Cadmium 8.5
Chromium III 978589457
Chromium VI 42
Cobalt* 31.5
Copper* 817
Cyanide 23.2
Lead* 3146
Manganese 152
Mercury (Inorganic, data for Mercuric chloride)* 3.1
Molydenum* 18.7
Nickel 173
Selenium 3.3
Silver 7.0
Strontium* 3269.2
Thallium 1.0
Tin 23307
Uranium* 315
Vanadium 4.7
Zinc 3172
Bore ID Sample depth (m)
Gravimetric Water 
Content (moisture %)
pH 
(limited data)
GW01 0.2 9.6 -
GW01 2.5-2.6 - -
GW02 0.5-0.6 12.3 7.9
GW02 1-1.1 14.3 7.9
GW02 0.6-0.7 9.2 -
GW02 2.0 6.1 -
GW03 0.4 5.3 -
GW03 3-3.1 - -
GW04 0.5-0.6 7.7 -
GW05 0.6 2.3 -
GW05 3.6-3.7 - -
GW06 0.0 0.5 -
GW07 1.0 0.5 -
GW08 1.9-2 3.5 -
GW09 0-0.1 8.4 -
GW11 0.4 5.7 -
GW12 0.5-0.6 4 4.5
GW12 0.9-1 18.8 6.8
GW12 0.7 0.5 -
GW12 1.0 1.3 -
GW13 0-0.1 4.7 -
GW13 0.5 4.6 -
GW15 0-0.1 2.6 -
GW16 0.3 1.1 -
GW16 0.8 1.8 -
GW17 0.6-0.7 11.4 -
GW18 0.4-0.5 12.8 7.9
GW18 0.5 8.8 -
GW20 1.1 17.4 -
GW21 0.5-0.6 14 7.7
GW21 0.8 9.9 -
GW21 1.2 8.8 -
GW22 0.1 2 -
GW22 1.4 6.4 -
GW23 2.3-2.4 4.5 -
GW23 0.2 2.2 -
GW24 0.8 6.8 -
GW26 0.9 7.2 -
GW27 0.5-0.6 15.4 -
GW27 0.8 11.1 -
GW29 1.5 0.5 -
GW31 0.8 21.4 -
GW33 1.4-1.5 8.5 -
GW33 2.5-2.6 - -
GW36 0.5-0.6 22.6 7.4
GW37 0.0 5.6 -
GW36 0.9-1 11.4 4.9
Average 7.76 6.88
n 43 8
0.5 half LOR
Fill samples from the unsaturated zone
d1 = Thickness of source zone
Bore ID
d1 = Fill thickness (measured as depth to 
natural sediment (m))
Minimum depth to 
water (m)
Minimum depth to 
water (m) minus d1^ d2
GW01* 9 2.06 -6.94 0
GW02* 9 3.23 -5.77 0
GW03* 7 3.01 -3.99 0
GW04 3.3 3.03 -0.27 0
GW05 3.8 2.18 -1.62 0
GW06 1.1 1.71 0.61 0.61
GW07 1.9 2.62 0.72 0.72
GW08 2.5 2.61 0.11 0.61
GW09 3.0 2.70 -0.30 0
GW11 1.2 2.01 0.81 0.81
GW12 1.6 2.46 0.86 0.86
GW13 1.4 2.08 0.68 0.68
GW14 0.6 1.82 1.22 1.22
GW15 1.8 0.64 -1.16 0
GW16 2.5 2.00 -0.50 0
GW17 2.2 2.06 -0.14 0
GW18 1.6 1.26 -0.35 0
GW19 1.4 0.96 -0.44 0
GW20 2.5 2.66 0.16 0.16
GW21 1.5 2.19 0.69 0.69
GW22 1.5 1.93 0.43 0.43
GW23 2.5 1.88 -0.62 0
GW24 1.2 0.97 -0.23 0
GW25 1.9 2.68 0.78 0.78
GW26 1.8 2.11 0.31 0.31
GW27 1.6 2.46 0.86 0.86
GW28 1.6 0.86 -0.74 0
GW29 2.0 2.80 0.80 0.80
GW30 1.7 2.30 0.60 0.60
GW31 0.8 1.15 0.35 0.35
GW33 2.7 2.08 -0.62 0
GW34 2.2 1.15 -1.05 0
GW36 1.2 2.29 1.09 1.09
GW37 0.6 2.74 2.14 2.14
Average (m) 2.42 0.40
Average (ft) 7.94 1.3
*Fill extends beyond base of borehole (therefore true fill thickness unknown). Values are instead based on fill thickness recorded at nearby Audit sites.
d2 = Thickness of source to groundwater
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Appendix	C:	Laboratory	Analytical	QAQC	
Reports	
 
 
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1603986 Page : 1 of 9
:: LaboratoryClient Environmental Division MelbourneRMIT UNIVERSITY
:Contact MS EMILY HEPBURN Telephone : +61-3-8549 9600
:Project Fishermans Bend PhD Date Samples Received : 12-Apr-2016
Site : ---- Issue Date : 19-Apr-2016
EMILY HEPBURN:Sampler No. of samples received : 65
:Order number ---- No. of samples analysed : 65
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l Analysis Holding Time Outliers exist - please see following pages for full details.
Outliers : Frequency of Quality Control Samples
l NO Quality Control Sample Frequency Outliers exist.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
2 of 9:Page
Work Order :
:Client
EM1603986
RMIT UNIVERSITY
Fishermans Bend PhD:Project
Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: SOIL
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1603986--044 7439-92-1LeadGW10_2.5-2.6 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG005T: Total Metals by ICP-AES
EM1603919--059 7439-96-5ManganeseAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG005T: Total Metals by ICP-AES
Outliers : Analysis Holding Time Compliance
Matrix: SOIL
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EA055: Moisture Content
Snap Lock Bag
26-Oct-2015----GW25_2.1, GW20_2.4-2.5,
GW20_1.1
13-Apr-2016---- ---- 170
Snap Lock Bag
27-Oct-2015----GW21_2.5-2.6, GW21_1.2,
GW21_0.8, GW30_1.7-1.8,
GW22_1.4, GW22_0.1,
GW26_0.9
13-Apr-2016---- ---- 169
Snap Lock Bag
28-Oct-2015----GW28_0.7, GW24_2.9-3.0,
GW24_1.5-1.6, GW24_0.8,
GW34_1.4, GW37_1.6-1.7,
GW37_0.6, GW18_1.8-1.9,
GW18_0.5, GW27_0.8,
GW34_3.5-3.6, GW37_0.0,
GW28_3.0-3.1
13-Apr-2016---- ---- 168
Snap Lock Bag
29-Oct-2015----GW04_3.4-3.5, GW04_3.8-3.9,
GW03_0.4, GW04_3.9-4.0,
GW04_4.5-4.6, GW05_0.6
13-Apr-2016---- ---- 167
Snap Lock Bag
30-Oct-2015----GW07_1.0, GW23_0.2,
GW10_2.5-2.6, GW07_2.5-2.6
13-Apr-2016---- ---- 166
Snap Lock Bag
03-Nov-2015----GW08_1.9-2.0 13-Apr-2016---- ---- 162
Snap Lock Bag
06-Nov-2015----GW11_0.4 13-Apr-2016---- ---- 159
3 of 9:Page
Work Order :
:Client
EM1603986
RMIT UNIVERSITY
Fishermans Bend PhD:Project
Matrix: SOIL
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EA055: Moisture Content - Analysis Holding Time Compliance
Snap Lock Bag
09-Nov-2015----GW29_1.5, GW19_2.0,
GW19_2.5, GW19_0.6,
GW14_0.4
13-Apr-2016---- ---- 156
Snap Lock Bag
10-Nov-2015----GW02_0.6-0.7, GW16_0.8,
GW16_2.5, GW02_2.0,
GW16_0.3
13-Apr-2016---- ---- 155
Snap Lock Bag
12-Nov-2015----GW17_2.4-2.5, GW17_0.6-0.7,
GW06_1.9-2.0, GW13_0.5,
GW13_1.5, GW06_0.0,
GW12_0.7, GW12_1.0,
GW06_1.5, GW31_0.8,
GW13_0.0-0.1, GW13_3.7-3.8
13-Apr-2016---- ---- 153
Snap Lock Bag
13-Nov-2015----GW15_1.7-1.8, GW09_2.8-2.9,
GW33_4.0-4.1, GW09_0.0-0.1,
GW33_1.4-1.5, GW15_3.2-3.3,
GW15_0.0-0.1, GW01_0.2
13-Apr-2016---- ---- 152
EG005T: Total Metals by ICP-AES
Snap Lock Bag
09-Apr-201609-Apr-2016GW25_2.1, GW20_2.4-2.5,
GW20_1.1
13-Apr-201612-Apr-2016 2 4
Snap Lock Bag
10-Apr-201610-Apr-2016GW21_2.5-2.6, GW21_1.2,
GW21_0.8, GW30_1.7-1.8,
GW22_1.4, GW22_0.1,
GW26_0.9
13-Apr-201613-Apr-2016 2 3
Snap Lock Bag
11-Apr-201611-Apr-2016GW28_0.7, GW24_2.9-3.0,
GW24_1.5-1.6, GW24_0.8,
GW34_1.4, GW37_1.6-1.7,
GW37_0.6, GW18_1.8-1.9,
GW18_0.5, GW27_0.8,
GW34_3.5-3.6, GW37_0.0,
GW28_3.0-3.1
13-Apr-201613-Apr-2016 1 2
Snap Lock Bag
12-Apr-201612-Apr-2016GW04_3.4-3.5, GW04_3.8-3.9,
GW03_0.4, GW04_3.9-4.0,
GW04_4.5-4.6, GW05_0.6
13-Apr-201613-Apr-2016 0 1
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Analysis Holding Time Compliance
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA055: Moisture Content
Snap Lock Bag (EA055-103)
GW25_2.1, GW20_2.4-2.5,
GW20_1.1
26-Oct-2015---- 13-Apr-2016----12-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW21_2.5-2.6, GW21_1.2,
GW21_0.8, GW30_1.7-1.8,
GW22_1.4, GW22_0.1,
GW26_0.9
27-Oct-2015---- 13-Apr-2016----13-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW28_0.7, GW24_2.9-3.0,
GW24_1.5-1.6, GW24_0.8,
GW34_1.4, GW37_1.6-1.7,
GW37_0.6, GW18_1.8-1.9,
GW18_0.5, GW27_0.8,
GW34_3.5-3.6, GW37_0.0,
GW28_3.0-3.1
28-Oct-2015---- 13-Apr-2016----14-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW04_3.4-3.5, GW04_3.8-3.9,
GW03_0.4, GW04_3.9-4.0,
GW04_4.5-4.6, GW05_0.6
29-Oct-2015---- 13-Apr-2016----15-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW07_1.0, GW23_0.2,
GW10_2.5-2.6, GW07_2.5-2.6
30-Oct-2015---- 13-Apr-2016----16-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW08_1.9-2.0 03-Nov-2015---- 13-Apr-2016----20-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW11_0.4 06-Nov-2015---- 13-Apr-2016----23-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW29_1.5, GW19_2.0,
GW19_2.5, GW19_0.6,
GW14_0.4
09-Nov-2015---- 13-Apr-2016----26-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA055: Moisture Content - Continued
GW02_0.6-0.7, GW16_0.8,
GW16_2.5, GW02_2.0,
GW16_0.3
10-Nov-2015---- 13-Apr-2016----27-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW17_2.4-2.5, GW17_0.6-0.7,
GW06_1.9-2.0, GW13_0.5,
GW13_1.5, GW06_0.0,
GW12_0.7, GW12_1.0,
GW06_1.5, GW31_0.8,
GW13_0.0-0.1, GW13_3.7-3.8
12-Nov-2015---- 13-Apr-2016----29-Oct-2015 ---- û
Snap Lock Bag (EA055-103)
GW15_1.7-1.8, GW09_2.8-2.9,
GW33_4.0-4.1, GW09_0.0-0.1,
GW33_1.4-1.5, GW15_3.2-3.3,
GW15_0.0-0.1, GW01_0.2
13-Nov-2015---- 13-Apr-2016----30-Oct-2015 ---- û
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG005T: Total Metals by ICP-AES
Snap Lock Bag (EG005T)
GW25_2.1, GW20_2.4-2.5,
GW20_1.1
09-Apr-201609-Apr-2016 13-Apr-201612-Apr-201612-Oct-2015 û û
Snap Lock Bag (EG005T)
GW21_2.5-2.6, GW21_1.2,
GW21_0.8, GW30_1.7-1.8,
GW22_1.4, GW22_0.1,
GW26_0.9
10-Apr-201610-Apr-2016 13-Apr-201613-Apr-201613-Oct-2015 û û
Snap Lock Bag (EG005T)
GW28_0.7, GW24_2.9-3.0,
GW24_1.5-1.6, GW24_0.8,
GW34_1.4, GW37_1.6-1.7,
GW37_0.6, GW18_1.8-1.9,
GW18_0.5, GW27_0.8,
GW34_3.5-3.6, GW37_0.0,
GW28_3.0-3.1
11-Apr-201611-Apr-2016 13-Apr-201613-Apr-201614-Oct-2015 û û
Snap Lock Bag (EG005T)
GW04_3.4-3.5, GW04_3.8-3.9,
GW03_0.4, GW04_3.9-4.0,
GW04_4.5-4.6, GW05_0.6
12-Apr-201612-Apr-2016 13-Apr-201613-Apr-201615-Oct-2015 û û
Snap Lock Bag (EG005T)
GW07_1.0, GW23_0.2,
GW10_2.5-2.6, GW07_2.5-2.6
13-Apr-201613-Apr-2016 13-Apr-201613-Apr-201616-Oct-2015 ü ü
Snap Lock Bag (EG005T)
GW08_1.9-2.0 17-Apr-201617-Apr-2016 13-Apr-201613-Apr-201620-Oct-2015 ü ü
Snap Lock Bag (EG005T)
GW11_0.4 20-Apr-201620-Apr-2016 18-Apr-201615-Apr-201623-Oct-2015 ü ü
Snap Lock Bag (EG005T)
GW29_1.5, GW19_2.0,
GW19_2.5, GW19_0.6,
GW14_0.4
23-Apr-201623-Apr-2016 18-Apr-201615-Apr-201626-Oct-2015 ü ü
Snap Lock Bag (EG005T)
GW02_0.6-0.7, GW16_0.8,
GW16_2.5, GW02_2.0,
GW16_0.3
24-Apr-201624-Apr-2016 18-Apr-201615-Apr-201627-Oct-2015 ü ü
Snap Lock Bag (EG005T)
GW17_2.4-2.5, GW17_0.6-0.7,
GW06_1.9-2.0, GW13_0.5,
GW13_1.5, GW06_0.0,
GW12_0.7, GW12_1.0,
GW06_1.5, GW31_0.8,
GW13_0.0-0.1, GW13_3.7-3.8
26-Apr-201626-Apr-2016 18-Apr-201615-Apr-201629-Oct-2015 ü ü
Snap Lock Bag (EG005T)
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Matrix: SOIL Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG005T: Total Metals by ICP-AES - Continued
GW15_1.7-1.8, GW09_2.8-2.9,
GW33_4.0-4.1, GW09_0.0-0.1,
GW33_1.4-1.5, GW15_3.2-3.3,
GW15_0.0-0.1, GW01_0.2
27-Apr-201627-Apr-2016 18-Apr-201615-Apr-201630-Oct-2015 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: SOIL Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.77  10.007 65 üMoisture Content EA055-103
NEPM 2013 B3 & ALS QC Standard 10.81  10.008 74 üTotal Metals by ICP-AES EG005T
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.41  5.004 74 üTotal Metals by ICP-AES EG005T
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.41  5.004 74 üTotal Metals by ICP-AES EG005T
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.41  5.004 74 üTotal Metals by ICP-AES EG005T
9 of 9:Page
Work Order :
:Client
EM1603986
RMIT UNIVERSITY
Fishermans Bend PhD:Project
Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house:  A gravimetric procedure based on weight loss over a 12 hour drying period at 103-105 degrees C.  
This method is compliant with NEPM (2013) Schedule B(3) Section 7.1 and Table 1 (14 day holding time).
Moisture Content EA055-103 SOIL
In house: Referenced to APHA 3120; USEPA SW 846 - 6010.  Metals are determined following an appropriate 
acid digestion of the soil.  The ICPAES technique ionises samples in a plasma, emitting a characteristic 
spectrum based on metals present.  Intensities at selected wavelengths are compared against those of matrix 
matched standards. This method is compliant with NEPM (2013) Schedule B(3)
Total Metals by ICP-AES EG005T SOIL
Preparation Methods Method DescriptionsMatrixMethod
In house: Referenced to USEPA 200.2.  Hot Block Acid Digestion  1.0g of sample is heated with Nitric and 
Hydrochloric acids, then cooled.  Peroxide is added and samples heated and cooled again before being filtered 
and bulked to volume for analysis.  Digest is appropriate for determination of selected metals in sludge, 
sediments, and soils. This method is compliant with NEPM (2013) Schedule B(3) (Method 202)
Hot Block Digest for metals in soils 
sediments and sludges
EN69 SOIL
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1517153 Page : 1 of 14
:: LaboratoryClient Environmental Division MelbourneAECOM Australia Pty Ltd
:Contact MS AVERYLL COYNE Telephone : +61-3-8549 9608
:Project 60431087 Date Samples Received : 17-Nov-2015
Site : FBURA Issue Date : 26-Nov-2015
OLIVER TAYLOR, ZACHARY OCONNOR:Sampler No. of samples received : 18
:Order number 60431087 1.4 No. of samples analysed : 18
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l Surrogate recovery outliers exist for all regular sample matrices - please see following pages for full details.
Outliers : Analysis Holding Time Compliance
l Analysis Holding Time Outliers exist - please see following pages for full details.
Outliers : Frequency of Quality Control Samples
l Quality Control Sample Frequency Outliers exist - please see following pages for full details.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1517153--002 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW38 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1517136--002 7439-97-6MercuryAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG035T:  Total Recoverable Mercury by FIMS
EM1517153--004 75-35-41.1-DichloroetheneGW28 Recovery greater than upper control 
limit
63-129%116 %EP074E: Halogenated Aliphatic Compounds
EM1517153--004 71-43-2BenzeneGW28 Recovery greater than upper data 
quality objective
68-130%133 %EP080: BTEXN
Regular Sample Surrogates
Sub-Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Samples Submitted 
EM1517153-014 2037-26-5Toluene-D8QCG Recovery less than lower data quality 
objective
70-125 %EP080S: TPH(V)/BTEX Surrogates 63.8 %
EM1517153-014 460-00-44-BromofluorobenzeneQCG Recovery less than lower data quality 
objective
71-129 %EP080S: TPH(V)/BTEX Surrogates 67.6 %
Outliers : Analysis Holding Time Compliance
Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural
16-Nov-2015----GW36, GW33,
GW34, GW37
18-Nov-2015---- ---- 2
Clear Plastic Bottle - Natural
17-Nov-2015----GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
18-Nov-2015---- ---- 1
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural
18-Nov-2015----GW36, GW33,
GW34, GW37
19-Nov-2015---- ---- 1
EK071G: Reactive Phosphorus as P by discrete analyser
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Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EK071G: Reactive Phosphorus as P by discrete analyser - Analysis Holding Time Compliance
Clear Plastic Bottle - Natural
18-Nov-2015----GW36, GW33,
GW34, GW37
19-Nov-2015---- ---- 1
Outliers : Frequency of Quality Control Samples
Matrix: WATER
Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual
Rate (%)Count
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  10.000 13
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  10.000 14
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fractions  Only  0.00  10.000 5
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  5.000 13
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  5.000 14
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fractions  Only  0.00  5.000 5
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Analysis Holding Time Compliance
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural (EA005-P)
GW36, GW33,
GW34, GW37
16-Nov-2015---- 18-Nov-2015----16-Nov-2015 ---- û
Clear Plastic Bottle - Natural (EA005-P)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
17-Nov-2015---- 18-Nov-2015----17-Nov-2015 ---- û
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
GW36, GW33,
GW34, GW37
23-Nov-2015---- 20-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (EA015H)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
24-Nov-2015---- 20-Nov-2015----17-Nov-2015 ---- ü
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW36, GW33,
GW34, GW37
30-Nov-2015---- 18-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
01-Dec-2015---- 18-Nov-2015----17-Nov-2015 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW36, GW33,
GW34, GW37
14-Dec-2015---- 20-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (ED041G)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-2015---- 20-Nov-2015----17-Nov-2015 ---- ü
ED043: Total Oxidised Sulfur as SO4 2-
Clear Plastic Bottle - Natural (ED043)
GW36, GW33,
GW34
14-Dec-201514-Dec-2015 24-Nov-201523-Nov-201516-Nov-2015 ü ü
Clear Plastic Bottle - Natural (ED043)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-201515-Dec-2015 24-Nov-201523-Nov-201517-Nov-2015 ü ü
5 of 14:Page
Work Order :
:Client
EM1517153
AECOM Australia Pty Ltd
60431087:Project
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW36, GW33,
GW34, GW37
14-Dec-2015---- 20-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (ED045G)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-2015---- 20-Nov-2015----17-Nov-2015 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW36, GW33,
GW34, GW37
14-Dec-2015---- 19-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-2015---- 19-Nov-2015----17-Nov-2015 ---- ü
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW36, GW33,
GW34, GW37
14-May-2016---- 24-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-May-2016---- 24-Nov-2015----17-Nov-2015 ---- ü
EG020T: Total Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG020A-T)
QCA, QCB,
QCD
14-May-201614-May-2016 23-Nov-201520-Nov-201516-Nov-2015 ü ü
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG020A-T)
QCE, QCF,
QCG
15-May-201615-May-2016 23-Nov-201520-Nov-201517-Nov-2015 ü ü
EG035F: Dissolved Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW36, GW33,
GW34, GW37
14-Dec-2015---- 20-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-2015---- 20-Nov-2015----17-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG035T:  Total Recoverable Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG035T)
QCA, QCB,
QCD
14-Dec-2015---- 19-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG035T)
QCE, QCF,
QCG
15-Dec-2015---- 19-Nov-2015----17-Nov-2015 ---- ü
EK040P: Fluoride by PC Titrator
Clear Plastic Bottle - Natural (EK040P)
GW36, GW33,
GW34, GW37
14-Dec-2015---- 20-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (EK040P)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-2015---- 20-Nov-2015----17-Nov-2015 ---- ü
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW36, GW33,
GW34, GW37
14-Dec-2015---- 23-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-2015---- 23-Nov-2015----17-Nov-2015 ---- ü
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW36, GW33,
GW34, GW37
18-Nov-2015---- 19-Nov-2015----16-Nov-2015 ---- û
Clear Plastic Bottle - Natural (EK057G)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
19-Nov-2015---- 19-Nov-2015----17-Nov-2015 ---- ü
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW36, GW33,
GW34, GW37
14-Dec-2015---- 18-Nov-2015----16-Nov-2015 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
15-Dec-2015---- 18-Nov-2015----17-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK071G: Reactive Phosphorus as P by discrete analyser
Clear Plastic Bottle - Natural (EK071G)
GW36, GW33,
GW34, GW37
18-Nov-2015---- 19-Nov-2015----16-Nov-2015 ---- û
Clear Plastic Bottle - Natural (EK071G)
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
19-Nov-2015---- 19-Nov-2015----17-Nov-2015 ---- ü
EP005: Total Organic Carbon (TOC)
Amber TOC Vial - Sulfuric Acid (EP005)
GW38, GW28 15-Dec-2015---- 18-Nov-2015----17-Nov-2015 ---- ü
Amber VOC Vial - Sulfuric Acid (EP005)
GW36 14-Dec-2015---- 18-Nov-2015----16-Nov-2015 ---- ü
Amber VOC Vial - Sulfuric Acid (EP005)
GW24, GW18 15-Dec-2015---- 18-Nov-2015----17-Nov-2015 ---- ü
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved (EP071)
QCA, QCB,
QCD, GW36,
GW34
28-Dec-201523-Nov-2015 19-Nov-201518-Nov-201516-Nov-2015 ü ü
Amber Glass Bottle - Unpreserved (EP071)
GW38, GW24,
GW28, GW18,
QCE, QCF,
QCG
28-Dec-201524-Nov-2015 19-Nov-201518-Nov-201517-Nov-2015 ü ü
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved (EP071-SV)
GW33, GW37 28-Dec-201523-Nov-2015 19-Nov-201518-Nov-201516-Nov-2015 ü ü
Amber Glass Bottle - Unpreserved (EP071-SV)
GW35, GW31,
GW19
28-Dec-201524-Nov-2015 19-Nov-201518-Nov-201517-Nov-2015 ü ü
EP074E: Halogenated Aliphatic Compounds
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW36 30-Nov-201530-Nov-2015 20-Nov-201519-Nov-201516-Nov-2015 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW38, GW24,
GW28, GW18
01-Dec-201501-Dec-2015 20-Nov-201519-Nov-201517-Nov-2015 ü ü
8 of 14:Page
Work Order :
:Client
EM1517153
AECOM Australia Pty Ltd
60431087:Project
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP075(SIM)B: Polynuclear Aromatic Hydrocarbons
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW36, GW33,
GW34, GW37
28-Dec-201523-Nov-2015 19-Nov-201518-Nov-201516-Nov-2015 ü ü
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW35, GW38,
GW24, GW28,
GW31, GW18,
GW19
28-Dec-201524-Nov-2015 19-Nov-201518-Nov-201517-Nov-2015 ü ü
EP080/071: Total Petroleum Hydrocarbons
Amber VOC Vial - Sulfuric Acid (EP080)
QCA, QCB,
QCD, GW36,
GW34
30-Nov-201530-Nov-2015 20-Nov-201519-Nov-201516-Nov-2015 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW38, GW24,
GW28, GW18,
QCE, QCF,
QCG, QCH
01-Dec-201501-Dec-2015 20-Nov-201519-Nov-201517-Nov-2015 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 13 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üpH by PC Titrator EA005-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 14 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 5 ûTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 11.11  10.002 18 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 12.50  10.001 8 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üTotal Dissolved Solids (High Level) EA015H
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Control Samples (LCS) - Continued
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 20.00  5.001 5 üTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 12.50  5.001 8 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 20.00  5.001 5 üTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 12.50  5.001 8 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 13 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Matrix Spikes (MS) - Continued
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 14 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 5 ûTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 12.50  5.001 8 üVolatile Organic Compounds  WF Detection Limits EP074-WF
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA  4500 H+  B. This procedure determines pH of water samples by automated ISE. 
This method is compliant with NEPM (2013) Schedule B(3)
pH by PC Titrator EA005-P WATER
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In-house.  The sample is treated with Peroxide to convert all Sulfur species to Sulfate.  Sulfate in the sample can 
then be determined by ICPAES and reported as TOS as SO4 2-.
Total Oxidised Sulfur as SO4 2- ED043 WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45 um filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.
Total Metals by ICP-MS - Suite A EG020A-T WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to AS 3550, APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
Samples are 0.45 um filtered prior to analysis.  FIM-AAS is an automated flameless atomic absorption 
technique. A bromate/bromide reagent is used to oxidise any organic mercury compounds in the filtered sample.  
The ionic mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a heated quartz 
cell.  Quantification is by comparing absorbance against a calibration curve.  This method is compliant with 
NEPM (2013) Schedule B(3)
Dissolved Mercury by FIMS EG035F WATER
In house: Referenced to AS 3550,  APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
FIM-AAS is an automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise 
any organic mercury compounds in the unfiltered sample.  The ionic mercury is reduced online to atomic 
mercury vapour by SnCl2 which is then purged into a heated quartz cell.  Quantification is by comparing 
absorbance against a calibration curve. This method is compliant with NEPM (2013) Schedule B(3)
Total Mercury by FIMS EG035T WATER
In house: Referenced to APHA 4500 F--C CDTA is added to the sample to provide a uniform ionic strength 
background, adjust pH, and break up complexes.  Fluoride concentration is determined by either manual or 
automatic ISE measurement. This method is compliant with NEPM (2013) Schedule B(3)
Fluoride by PC Titrator EK040P WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-P F Ammonium molybdate and potassium antimonyl tartrate reacts in acid 
medium with othophosphate to form a heteropoly acid -phosphomolybdic acid - which is reduced to intensely 
coloured molybdenum blue by ascorbic acid. Quantification is by Discrete Analyser. This method is compliant 
with NEPM (2013) Schedule B(3)
Reactive Phosphorus as P-By Discrete 
Analyser
EK071G WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
USEPA SW 846 - 8015A  The sample extract is analysed by Capillary GC/FID and quantification is by comparison 
against an established 5 point calibration curve of n-Alkane standards.  This method is compliant with the QC 
requirements of  NEPM (2013) Schedule B(3)
TRH - Semivolatile Fraction EP071 WATER
USEPA SW 846 - 8015A  The sample extract is analysed by Capillary GC/FID and quantification is by comparison 
against an established 5 point calibration curve of n-Alkane standards.  This method is compliant with NEPM 
(2013) Schedule B(3)
TRH - Semivolatile Fractions  Only EP071-SV WATER
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. This method is compliant with 
NEPM (2013) Schedule B(3)
Volatile Organic Compounds  WF 
Detection Limits
EP074-WF WATER
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Analytical Methods Method DescriptionsMatrixMethod
USEPA SW 846 - 8270D  Sample extracts are analysed by Capillary GC/MS in SIM Mode and quantification is by 
comparison against an established 5 point calibration curve. This method is compliant with NEPM (2013) 
Schedule B(3)
PAH/Phenols (GC/MS - SIM) EP075(SIM) WATER
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. Alternatively, a sample is 
equilibrated in a headspace vial and a portion of the headspace determined by GCMS analysis.  This method is 
compliant with the QC requirements of NEPM (2013) Schedule B(3)
TRH Volatiles/BTEX EP080 WATER
Preparation Methods Method DescriptionsMatrixMethod
In - HouseTotal Oxidisable Sulfur as SO4 2-   Prep ED043-PR WATER
USEPA SW846-3005 Method 3005 is a Nitric/Hydrochloric acid digestion procedure used to prepare surface and 
ground water samples for analysis by ICPAES or ICPMS.  This method is compliant with NEPM (2013) Schedule 
B(3)
Digestion for Total Recoverable Metals EN25 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1517312 Page : 1 of 15
:: LaboratoryClient Environmental Division MelbourneAECOM Australia Pty Ltd
:Contact MS AVERYLL COYNE Telephone : +61-3-8549 9608
:Project 60431087 Date Samples Received : 19-Nov-2015
Site : Issue Date : 26-Nov-2015
OLIVER TAYLOR, ZACHARY OCONNOR:Sampler No. of samples received : 21
:Order number 60431087 1.4 No. of samples analysed : 19
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l Analysis Holding Time Outliers exist - please see following pages for full details.
Outliers : Frequency of Quality Control Samples
l Quality Control Sample Frequency Outliers exist - please see following pages for full details.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1517312--002 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Outliers : Analysis Holding Time Compliance
Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural
17-Nov-2015----GW14, GW16,
GW15, GW23
23-Nov-2015---- ---- 6
Clear Plastic Bottle - Natural
18-Nov-2015----GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
23-Nov-2015---- ---- 5
Outliers : Frequency of Quality Control Samples
Matrix: WATER
Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual
Rate (%)Count
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  10.000 18
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  10.000 10
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fractions  Only  0.00  10.000 9
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  5.000 18
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  5.000 10
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fractions  Only  0.00  5.000 9
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This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Analysis Holding Time Compliance
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural (EA005-P)
GW14, GW16,
GW15, GW23
17-Nov-2015---- 23-Nov-2015----17-Nov-2015 ---- û
Clear Plastic Bottle - Natural (EA005-P)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
18-Nov-2015---- 23-Nov-2015----18-Nov-2015 ---- û
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
GW14, GW16,
GW15, GW23
24-Nov-2015---- 24-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (EA015H)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
25-Nov-2015---- 24-Nov-2015----18-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW14, GW16,
GW15, GW23
01-Dec-2015---- 23-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
02-Dec-2015---- 23-Nov-2015----18-Nov-2015 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 24-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (ED041G)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
16-Dec-2015---- 24-Nov-2015----18-Nov-2015 ---- ü
ED043: Total Oxidised Sulfur as SO4 2-
Clear Plastic Bottle - Natural (ED043)
GW14, GW16,
GW15, GW23
15-Dec-201515-Dec-2015 26-Nov-201525-Nov-201517-Nov-2015 ü ü
Clear Plastic Bottle - Natural (ED043)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
16-Dec-201516-Dec-2015 26-Nov-201525-Nov-201518-Nov-2015 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 24-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (ED045G)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
16-Dec-2015---- 24-Nov-2015----18-Nov-2015 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 24-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
16-Dec-2015---- 24-Nov-2015----18-Nov-2015 ---- ü
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW14, GW16,
GW15, GW23
15-May-2016---- 23-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
16-May-2016---- 23-Nov-2015----18-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
QC03 16-May-2016---- 25-Nov-2015----18-Nov-2015 ---- ü
EG020T: Total Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG020A-T)
QCF 15-May-201615-May-2016 25-Nov-201525-Nov-201517-Nov-2015 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG035F: Dissolved Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 26-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10, QC03
16-Dec-2015---- 26-Nov-2015----18-Nov-2015 ---- ü
EG035T:  Total Recoverable Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG035T)
QCF 15-Dec-2015---- 24-Nov-2015----17-Nov-2015 ---- ü
EK040P: Fluoride by PC Titrator
Clear Plastic Bottle - Natural (EK040P)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 23-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (EK040P)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
16-Dec-2015---- 23-Nov-2015----18-Nov-2015 ---- ü
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 24-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10, QC03
16-Dec-2015---- 24-Nov-2015----18-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW14, GW16,
GW15, GW23
19-Nov-2015---- 19-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (EK057G)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
20-Nov-2015---- 19-Nov-2015----18-Nov-2015 ---- ü
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 24-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
16-Dec-2015---- 24-Nov-2015----18-Nov-2015 ---- ü
EK071G: Reactive Phosphorus as P by discrete analyser
Clear Plastic Bottle - Natural (EK071G)
GW14, GW16,
GW15, GW23
19-Nov-2015---- 19-Nov-2015----17-Nov-2015 ---- ü
Clear Plastic Bottle - Natural (EK071G)
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10
20-Nov-2015---- 19-Nov-2015----18-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP005: Total Organic Carbon (TOC)
Amber TOC Vial - Sulfuric Acid (EP005)
GW14, GW16,
GW15, GW23
15-Dec-2015---- 25-Nov-2015----17-Nov-2015 ---- ü
Amber TOC Vial - Sulfuric Acid (EP005)
GW21, QC01 16-Dec-2015---- 25-Nov-2015----18-Nov-2015 ---- ü
Amber VOC Vial - Sulfuric Acid (EP005)
GW27, GW10,
QC03
16-Dec-2015---- 25-Nov-2015----18-Nov-2015 ---- ü
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved (EP071)
GW14, GW16,
GW15, GW23,
QCF
02-Jan-201624-Nov-2015 24-Nov-201523-Nov-201517-Nov-2015 ü ü
Amber Glass Bottle - Unpreserved (EP071)
GW21, QC01,
GW27, GW10,
QC03
02-Jan-201625-Nov-2015 24-Nov-201523-Nov-201518-Nov-2015 ü ü
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved (EP071-SV)
GW17, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW30,
GW05
02-Jan-201625-Nov-2015 24-Nov-201523-Nov-201518-Nov-2015 ü ü
EP074E: Halogenated Aliphatic Compounds
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW14, GW16 01-Dec-201501-Dec-2015 24-Nov-201524-Nov-201517-Nov-2015 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW21, QC01,
GW27, GW10,
QC03
02-Dec-201502-Dec-2015 24-Nov-201524-Nov-201518-Nov-2015 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP075(SIM)B: Polynuclear Aromatic Hydrocarbons
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW14, GW16,
GW15, GW23
02-Jan-201624-Nov-2015 24-Nov-201523-Nov-201517-Nov-2015 ü ü
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW17, GW21,
QC01, GW25,
GW29, GW13,
GW20, GW26,
GW22, GW27,
GW30, GW05,
GW10, QC03
02-Jan-201625-Nov-2015 24-Nov-201523-Nov-201518-Nov-2015 ü ü
EP080/071: Total Petroleum Hydrocarbons
Amber VOC Vial - Sulfuric Acid (EP080)
GW14, GW16,
GW15, GW23,
QCF
01-Dec-201501-Dec-2015 24-Nov-201524-Nov-201517-Nov-2015 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW21, QC01,
GW27, GW10,
QC03
02-Dec-201502-Dec-2015 24-Nov-201524-Nov-201518-Nov-2015 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 18 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üpH by PC Titrator EA005-P
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 10 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 9 ûTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 10.00  10.001 10 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 14.29  10.001 7 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Control Samples (LCS) - Continued
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 11.11  5.001 9 üTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 14.29  5.001 7 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 11.11  5.001 9 üTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 14.29  5.001 7 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 18 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Matrix Spikes (MS) - Continued
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 10 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 9 ûTRH - Semivolatile Fractions  Only EP071-SV
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 14.29  5.001 7 üVolatile Organic Compounds  WF Detection Limits EP074-WF
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA  4500 H+  B. This procedure determines pH of water samples by automated ISE. 
This method is compliant with NEPM (2013) Schedule B(3)
pH by PC Titrator EA005-P WATER
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In-house.  The sample is treated with Peroxide to convert all Sulfur species to Sulfate.  Sulfate in the sample can 
then be determined by ICPAES and reported as TOS as SO4 2-.
Total Oxidised Sulfur as SO4 2- ED043 WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45 um filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.
Total Metals by ICP-MS - Suite A EG020A-T WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to AS 3550, APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
Samples are 0.45 um filtered prior to analysis.  FIM-AAS is an automated flameless atomic absorption 
technique. A bromate/bromide reagent is used to oxidise any organic mercury compounds in the filtered sample.  
The ionic mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a heated quartz 
cell.  Quantification is by comparing absorbance against a calibration curve.  This method is compliant with 
NEPM (2013) Schedule B(3)
Dissolved Mercury by FIMS EG035F WATER
In house: Referenced to AS 3550,  APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
FIM-AAS is an automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise 
any organic mercury compounds in the unfiltered sample.  The ionic mercury is reduced online to atomic 
mercury vapour by SnCl2 which is then purged into a heated quartz cell.  Quantification is by comparing 
absorbance against a calibration curve. This method is compliant with NEPM (2013) Schedule B(3)
Total Mercury by FIMS EG035T WATER
In house: Referenced to APHA 4500 F--C CDTA is added to the sample to provide a uniform ionic strength 
background, adjust pH, and break up complexes.  Fluoride concentration is determined by either manual or 
automatic ISE measurement. This method is compliant with NEPM (2013) Schedule B(3)
Fluoride by PC Titrator EK040P WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-P F Ammonium molybdate and potassium antimonyl tartrate reacts in acid 
medium with othophosphate to form a heteropoly acid -phosphomolybdic acid - which is reduced to intensely 
coloured molybdenum blue by ascorbic acid. Quantification is by Discrete Analyser. This method is compliant 
with NEPM (2013) Schedule B(3)
Reactive Phosphorus as P-By Discrete 
Analyser
EK071G WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
USEPA SW 846 - 8015A  The sample extract is analysed by Capillary GC/FID and quantification is by comparison 
against an established 5 point calibration curve of n-Alkane standards.  This method is compliant with the QC 
requirements of  NEPM (2013) Schedule B(3)
TRH - Semivolatile Fraction EP071 WATER
USEPA SW 846 - 8015A  The sample extract is analysed by Capillary GC/FID and quantification is by comparison 
against an established 5 point calibration curve of n-Alkane standards.  This method is compliant with NEPM 
(2013) Schedule B(3)
TRH - Semivolatile Fractions  Only EP071-SV WATER
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. This method is compliant with 
NEPM (2013) Schedule B(3)
Volatile Organic Compounds  WF 
Detection Limits
EP074-WF WATER
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Analytical Methods Method DescriptionsMatrixMethod
USEPA SW 846 - 8270D  Sample extracts are analysed by Capillary GC/MS in SIM Mode and quantification is by 
comparison against an established 5 point calibration curve. This method is compliant with NEPM (2013) 
Schedule B(3)
PAH/Phenols (GC/MS - SIM) EP075(SIM) WATER
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. Alternatively, a sample is 
equilibrated in a headspace vial and a portion of the headspace determined by GCMS analysis.  This method is 
compliant with the QC requirements of NEPM (2013) Schedule B(3)
TRH Volatiles/BTEX EP080 WATER
Preparation Methods Method DescriptionsMatrixMethod
In - HouseTotal Oxidisable Sulfur as SO4 2-   Prep ED043-PR WATER
USEPA SW846-3005 Method 3005 is a Nitric/Hydrochloric acid digestion procedure used to prepare surface and 
ground water samples for analysis by ICPAES or ICPMS.  This method is compliant with NEPM (2013) Schedule 
B(3)
Digestion for Total Recoverable Metals EN25 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1517384 Page : 1 of 11
:Amendment 1
:: LaboratoryClient Environmental Division MelbourneAECOM Australia Pty Ltd
:Contact MS AVERYLL COYNE Telephone : +61-3-8549 9608
:Project 60431087 Date Samples Received : 20-Nov-2015
Site : Issue Date : 08-Dec-2015
OLIVER TAYLOR, ZACHARY OCONNOR:Sampler No. of samples received : 17
:Order number 60431087 1.4 No. of samples analysed : 17
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l Analysis Holding Time Outliers exist - please see following pages for full details.
Outliers : Frequency of Quality Control Samples
l Quality Control Sample Frequency Outliers exist - please see following pages for full details.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1517384--002 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW09 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1517384--002 7664-41-7Ammonia as NGW09 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EK055G: Ammonia as N by Discrete Analyser
Outliers : Analysis Holding Time Compliance
Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural
19-Nov-2015----GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
25-Nov-2015---- ---- 6
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved
----26-Nov-2015QCR ----01-Dec-2015 4 ----
Outliers : Frequency of Quality Control Samples
Matrix: WATER
Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual
Rate (%)Count
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  10.000 10
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  10.000 13
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  5.000 10
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  5.000 13
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Analysis Holding Time Compliance
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural (EA005-P)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
19-Nov-2015---- 25-Nov-2015----19-Nov-2015 ---- û
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
26-Nov-2015---- 26-Nov-2015----19-Nov-2015 ---- ü
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
03-Dec-2015---- 25-Nov-2015----19-Nov-2015 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-2015---- 25-Nov-2015----19-Nov-2015 ---- ü
ED043: Total Oxidised Sulfur as SO4 2-
Clear Plastic Bottle - Natural (ED043)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-201517-Dec-2015 26-Nov-201526-Nov-201519-Nov-2015 ü ü
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-2015---- 25-Nov-2015----19-Nov-2015 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-2015---- 25-Nov-2015----19-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-May-2016---- 25-Nov-2015----19-Nov-2015 ---- ü
EG020T: Total Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Unspecified (EG020A-T)
QCQ, QCR 17-May-201617-May-2016 03-Dec-201503-Dec-201519-Nov-2015 ü ü
EG035F: Dissolved Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-2015---- 26-Nov-2015----19-Nov-2015 ---- ü
EG035T:  Total Recoverable Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Unspecified (EG035T)
QCQ, QCR 17-Dec-2015---- 02-Dec-2015----19-Nov-2015 ---- ü
EK040P: Fluoride by PC Titrator
Clear Plastic Bottle - Natural (EK040P)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-2015---- 25-Nov-2015----19-Nov-2015 ---- ü
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-2015---- 26-Nov-2015----19-Nov-2015 ---- ü
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
21-Nov-2015---- 20-Nov-2015----19-Nov-2015 ---- ü
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
17-Dec-2015---- 25-Nov-2015----19-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK071G: Reactive Phosphorus as P by discrete analyser
Clear Plastic Bottle - Natural (EK071G)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW32
21-Nov-2015---- 20-Nov-2015----19-Nov-2015 ---- ü
EP005: Total Organic Carbon (TOC)
Amber TOC Vial - Sulfuric Acid (EP005)
GW20, GW26,
GW31, GW33,
GW34, GW37
17-Dec-2015---- 27-Nov-2015----19-Nov-2015 ---- ü
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved (EP071)
QCR 10-Jan-201626-Nov-2015 02-Dec-201501-Dec-201519-Nov-2015 û ü
Amber Glass Bottle - Unpreserved (EP071)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, QCQ
03-Jan-201626-Nov-2015 25-Nov-201524-Nov-201519-Nov-2015 ü ü
EP074A: Monocyclic Aromatic Hydrocarbons
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW04, GW12 03-Dec-201503-Dec-2015 25-Nov-201525-Nov-201519-Nov-2015 ü ü
EP075(SIM)T: PAH Surrogates
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12
03-Jan-201626-Nov-2015 25-Nov-201524-Nov-201519-Nov-2015 ü ü
EP080S: TPH(V)/BTEX Surrogates
Amber VOC Vial - Sulfuric Acid (EP080)
QCR 03-Dec-201503-Dec-2015 02-Dec-201502-Dec-201519-Nov-2015 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW04, GW09,
GW07, GW03,
GW11, GW08,
GW12, GW20,
GW26, GW31,
GW33, GW34,
GW37, QCQ,
QCM
03-Dec-201503-Dec-2015 25-Nov-201525-Nov-201519-Nov-2015 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 10 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üpH by PC Titrator EA005-P
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 13.33  10.002 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 13 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  10.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Control Samples (LCS) - Continued
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  5.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  5.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 10 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTotal Organic Carbon EP005
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Matrix Spikes (MS) - Continued
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 13 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  5.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA  4500 H+  B. This procedure determines pH of water samples by automated ISE. 
This method is compliant with NEPM (2013) Schedule B(3)
pH by PC Titrator EA005-P WATER
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In-house.  The sample is treated with Peroxide to convert all Sulfur species to Sulfate.  Sulfate in the sample can 
then be determined by ICPAES and reported as TOS as SO4 2-.
Total Oxidised Sulfur as SO4 2- ED043 WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45 um filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.
Total Metals by ICP-MS - Suite A EG020A-T WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to AS 3550, APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
Samples are 0.45 um filtered prior to analysis.  FIM-AAS is an automated flameless atomic absorption 
technique. A bromate/bromide reagent is used to oxidise any organic mercury compounds in the filtered sample.  
The ionic mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a heated quartz 
cell.  Quantification is by comparing absorbance against a calibration curve.  This method is compliant with 
NEPM (2013) Schedule B(3)
Dissolved Mercury by FIMS EG035F WATER
In house: Referenced to AS 3550,  APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
FIM-AAS is an automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise 
any organic mercury compounds in the unfiltered sample.  The ionic mercury is reduced online to atomic 
mercury vapour by SnCl2 which is then purged into a heated quartz cell.  Quantification is by comparing 
absorbance against a calibration curve. This method is compliant with NEPM (2013) Schedule B(3)
Total Mercury by FIMS EG035T WATER
In house: Referenced to APHA 4500 F--C CDTA is added to the sample to provide a uniform ionic strength 
background, adjust pH, and break up complexes.  Fluoride concentration is determined by either manual or 
automatic ISE measurement. This method is compliant with NEPM (2013) Schedule B(3)
Fluoride by PC Titrator EK040P WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-P F Ammonium molybdate and potassium antimonyl tartrate reacts in acid 
medium with othophosphate to form a heteropoly acid -phosphomolybdic acid - which is reduced to intensely 
coloured molybdenum blue by ascorbic acid. Quantification is by Discrete Analyser. This method is compliant 
with NEPM (2013) Schedule B(3)
Reactive Phosphorus as P-By Discrete 
Analyser
EK071G WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
USEPA SW 846 - 8015A  The sample extract is analysed by Capillary GC/FID and quantification is by comparison 
against an established 5 point calibration curve of n-Alkane standards.  This method is compliant with the QC 
requirements of  NEPM (2013) Schedule B(3)
TRH - Semivolatile Fraction EP071 WATER
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. This method is compliant with 
NEPM (2013) Schedule B(3)
Volatile Organic Compounds  WF 
Detection Limits
EP074-WF WATER
USEPA SW 846 - 8270D  Sample extracts are analysed by Capillary GC/MS in SIM Mode and quantification is by 
comparison against an established 5 point calibration curve. This method is compliant with NEPM (2013) 
Schedule B(3)
PAH/Phenols (GC/MS - SIM) EP075(SIM) WATER
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Analytical Methods Method DescriptionsMatrixMethod
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. Alternatively, a sample is 
equilibrated in a headspace vial and a portion of the headspace determined by GCMS analysis.  This method is 
compliant with the QC requirements of NEPM (2013) Schedule B(3)
TRH Volatiles/BTEX EP080 WATER
Preparation Methods Method DescriptionsMatrixMethod
In - HouseTotal Oxidisable Sulfur as SO4 2-   Prep ED043-PR WATER
USEPA SW846-3005 Method 3005 is a Nitric/Hydrochloric acid digestion procedure used to prepare surface and 
ground water samples for analysis by ICPAES or ICPMS.  This method is compliant with NEPM (2013) Schedule 
B(3)
Digestion for Total Recoverable Metals EN25 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1517387 Page : 1 of 11
:: LaboratoryClient Environmental Division MelbourneAECOM Australia Pty Ltd
:Contact MS AVERYLL COYNE Telephone : +61-3-8549 9608
:Project 60431087 Date Samples Received : 20-Nov-2015
Site : Issue Date : 30-Nov-2015
OLIVER TAYLOR, ZACHARY OCONNOR:Sampler No. of samples received : 11
:Order number 60431087 1.4 No. of samples analysed : 10
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l Surrogate recovery outliers exist for all regular sample matrices - please see following pages for full details.
Outliers : Analysis Holding Time Compliance
l NO Analysis Holding Time Outliers exist.
Outliers : Frequency of Quality Control Samples
l Quality Control Sample Frequency Outliers exist - please see following pages for full details.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1517384--002 14808-79-8Sulfate as SO4 - 
Turbidimetric
Anonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1517384--002 7664-41-7Ammonia as NAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EK055G: Ammonia as N by Discrete Analyser
Regular Sample Surrogates
Sub-Matrix: GROUNDWATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Samples Submitted 
EM1517387-002 17060-07-01.2-Dichloroethane-D4GW02 Recovery greater than upper data 
quality objective
72-120 %EP074S: VOC Surrogates 122 %
Outliers : Frequency of Quality Control Samples
Matrix: WATER
Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual
Rate (%)Count
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  10.000 10
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  10.000 13
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  5.000 10
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  5.000 13
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Analysis Holding Time Compliance
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural (EA005-P)
GW01, GW02,
GW06, QC05
20-Nov-2015---- 20-Nov-2015----20-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
GW01, GW02,
GW06, QC05
27-Nov-2015---- 26-Nov-2015----20-Nov-2015 ---- ü
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW01, GW02,
GW06, QC05
04-Dec-2015---- 25-Nov-2015----20-Nov-2015 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW01, GW02,
GW06, QC05
18-Dec-2015---- 25-Nov-2015----20-Nov-2015 ---- ü
ED043: Total Oxidised Sulfur as SO4 2-
Clear Plastic Bottle - Natural (ED043)
GW01, GW02,
GW06, QC05
18-Dec-201518-Dec-2015 26-Nov-201526-Nov-201520-Nov-2015 ü ü
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW01, GW02,
GW06, QC05
18-Dec-2015---- 25-Nov-2015----20-Nov-2015 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Natural (ED093F)
QC05 27-Nov-2015---- 25-Nov-2015----20-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW01, GW02,
GW06
18-Dec-2015---- 25-Nov-2015----20-Nov-2015 ---- ü
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Natural (EG020A-F)
QC05 18-May-2016---- 25-Nov-2015----20-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW01, GW02,
GW06
18-May-2016---- 25-Nov-2015----20-Nov-2015 ---- ü
EG020T: Total Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG020A-T)
QCN 18-May-201618-May-2016 26-Nov-201525-Nov-201520-Nov-2015 ü ü
EG035F: Dissolved Mercury by FIMS
Clear Plastic Bottle - Natural (EG035F)
QC05 18-Dec-2015---- 26-Nov-2015----20-Nov-2015 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW01, GW02,
GW06
18-Dec-2015---- 26-Nov-2015----20-Nov-2015 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG035T:  Total Recoverable Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG035T)
QCN 18-Dec-2015---- 26-Nov-2015----20-Nov-2015 ---- ü
EK040P: Fluoride by PC Titrator
Clear Plastic Bottle - Natural (EK040P)
GW01, GW02,
GW06, QC05
18-Dec-2015---- 25-Nov-2015----20-Nov-2015 ---- ü
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW01, GW02,
GW06, QC05
18-Dec-2015---- 26-Nov-2015----20-Nov-2015 ---- ü
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW01, GW02,
GW06, QC05
22-Nov-2015---- 20-Nov-2015----20-Nov-2015 ---- ü
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW01, GW02,
GW06, QC05
18-Dec-2015---- 25-Nov-2015----20-Nov-2015 ---- ü
EK071G: Reactive Phosphorus as P by discrete analyser
Clear Plastic Bottle - Natural (EK071G)
GW01, GW02,
GW06, QC05
22-Nov-2015---- 20-Nov-2015----20-Nov-2015 ---- ü
EP005: Total Organic Carbon (TOC)
Amber TOC Vial - Sulfuric Acid (EP005)
GW01, GW06,
GW05
18-Dec-2015---- 27-Nov-2015----20-Nov-2015 ---- ü
Amber VOC Vial - Sulfuric Acid (EP005)
GW02, GW13,
GW19, GW35
18-Dec-2015---- 27-Nov-2015----20-Nov-2015 ---- ü
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved (EP071)
GW01, GW02,
GW06, QCN
03-Jan-201627-Nov-2015 25-Nov-201524-Nov-201520-Nov-2015 ü ü
EP074E: Halogenated Aliphatic Compounds
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW01, GW02 04-Dec-201504-Dec-2015 25-Nov-201525-Nov-201520-Nov-2015 ü ü
EP075(SIM)B: Polynuclear Aromatic Hydrocarbons
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW01, GW02,
GW06
03-Jan-201627-Nov-2015 25-Nov-201524-Nov-201520-Nov-2015 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP080/071: Total Petroleum Hydrocarbons
Amber VOC Vial - Sulfuric Acid (EP080)
GW01, GW02 04-Dec-201504-Dec-2015 25-Nov-201525-Nov-201520-Nov-2015 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW06, GW05,
GW13, GW19,
GW35, QCN,
QC9
04-Dec-201504-Dec-2015 26-Nov-201525-Nov-201520-Nov-2015 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 18.18  10.002 11 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 10 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üpH by PC Titrator EA005-P
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 13.33  10.002 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 13 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  10.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 9.09  5.001 11 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Control Samples (LCS) - Continued
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  5.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 9.09  5.001 11 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 7.69  5.001 13 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  5.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 10 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üTotal Organic Carbon EP005
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Matrix Spikes (MS) - Continued
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 13 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 25.00  5.001 4 üVolatile Organic Compounds  WF Detection Limits EP074-WF
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA  4500 H+  B. This procedure determines pH of water samples by automated ISE. 
This method is compliant with NEPM (2013) Schedule B(3)
pH by PC Titrator EA005-P WATER
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In-house.  The sample is treated with Peroxide to convert all Sulfur species to Sulfate.  Sulfate in the sample can 
then be determined by ICPAES and reported as TOS as SO4 2-.
Total Oxidised Sulfur as SO4 2- ED043 WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45 um filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.
Total Metals by ICP-MS - Suite A EG020A-T WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to AS 3550, APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
Samples are 0.45 um filtered prior to analysis.  FIM-AAS is an automated flameless atomic absorption 
technique. A bromate/bromide reagent is used to oxidise any organic mercury compounds in the filtered sample.  
The ionic mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a heated quartz 
cell.  Quantification is by comparing absorbance against a calibration curve.  This method is compliant with 
NEPM (2013) Schedule B(3)
Dissolved Mercury by FIMS EG035F WATER
In house: Referenced to AS 3550,  APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
FIM-AAS is an automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise 
any organic mercury compounds in the unfiltered sample.  The ionic mercury is reduced online to atomic 
mercury vapour by SnCl2 which is then purged into a heated quartz cell.  Quantification is by comparing 
absorbance against a calibration curve. This method is compliant with NEPM (2013) Schedule B(3)
Total Mercury by FIMS EG035T WATER
In house: Referenced to APHA 4500 F--C CDTA is added to the sample to provide a uniform ionic strength 
background, adjust pH, and break up complexes.  Fluoride concentration is determined by either manual or 
automatic ISE measurement. This method is compliant with NEPM (2013) Schedule B(3)
Fluoride by PC Titrator EK040P WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-P F Ammonium molybdate and potassium antimonyl tartrate reacts in acid 
medium with othophosphate to form a heteropoly acid -phosphomolybdic acid - which is reduced to intensely 
coloured molybdenum blue by ascorbic acid. Quantification is by Discrete Analyser. This method is compliant 
with NEPM (2013) Schedule B(3)
Reactive Phosphorus as P-By Discrete 
Analyser
EK071G WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
USEPA SW 846 - 8015A  The sample extract is analysed by Capillary GC/FID and quantification is by comparison 
against an established 5 point calibration curve of n-Alkane standards.  This method is compliant with the QC 
requirements of  NEPM (2013) Schedule B(3)
TRH - Semivolatile Fraction EP071 WATER
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. This method is compliant with 
NEPM (2013) Schedule B(3)
Volatile Organic Compounds  WF 
Detection Limits
EP074-WF WATER
USEPA SW 846 - 8270D  Sample extracts are analysed by Capillary GC/MS in SIM Mode and quantification is by 
comparison against an established 5 point calibration curve. This method is compliant with NEPM (2013) 
Schedule B(3)
PAH/Phenols (GC/MS - SIM) EP075(SIM) WATER
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Analytical Methods Method DescriptionsMatrixMethod
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. Alternatively, a sample is 
equilibrated in a headspace vial and a portion of the headspace determined by GCMS analysis.  This method is 
compliant with the QC requirements of NEPM (2013) Schedule B(3)
TRH Volatiles/BTEX EP080 WATER
Preparation Methods Method DescriptionsMatrixMethod
In - HouseTotal Oxidisable Sulfur as SO4 2-   Prep ED043-PR WATER
USEPA SW846-3005 Method 3005 is a Nitric/Hydrochloric acid digestion procedure used to prepare surface and 
ground water samples for analysis by ICPAES or ICPMS.  This method is compliant with NEPM (2013) Schedule 
B(3)
Digestion for Total Recoverable Metals EN25 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1517502 Page : 1 of 4
:: LaboratoryClient Environmental Division MelbourneAECOM Australia Pty Ltd
:Contact MS AVERYLL COYNE Telephone : +61-3-8549 9608
:Project 60431087 Date Samples Received : 23-Nov-2015
Site : Issue Date : 30-Nov-2015
MATTHEW SHEPPARD:Sampler No. of samples received : 7
:Order number ---- No. of samples analysed : 7
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l NO Matrix Spike outliers occur.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l NO Analysis Holding Time Outliers exist.
Outliers : Frequency of Quality Control Samples
l NO Quality Control Sample Frequency Outliers exist.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Analysis Holding Time Compliance
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP005: Total Organic Carbon (TOC)
Amber VOC Vial - Sulfuric Acid (EP005)
GW17, GW22,
GW25, GW29,
GW30
21-Dec-2015---- 27-Nov-2015----23-Nov-2015 ---- ü
EP080/071: Total Petroleum Hydrocarbons
Amber VOC Vial - Sulfuric Acid (EP080)
GW17, GW22,
GW25, GW29,
GW30, QCK,
QCL
07-Dec-201507-Dec-2015 27-Nov-201526-Nov-201523-Nov-2015 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 12.50  10.002 16 üTRH Volatiles/BTEX EP080
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üTRH Volatiles/BTEX EP080
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üTRH Volatiles/BTEX EP080
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Organic Carbon EP005
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üTRH Volatiles/BTEX EP080
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by Capillary GC/MS and 
quantification is by comparison against an established 5 point calibration curve. Alternatively, a sample is 
equilibrated in a headspace vial and a portion of the headspace determined by GCMS analysis.  This method is 
compliant with the QC requirements of NEPM (2013) Schedule B(3)
TRH Volatiles/BTEX EP080 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1605749 Page : 1 of 25
:: LaboratoryClient Environmental Division MelbourneAECOM Australia Pty Ltd
:Contact MS AVERYLL COYNE Telephone : +61-3-8549 9608
:Project 60431087 1.4 Date Samples Received : 19-May-2016
Site : ---- Issue Date : 30-May-2016
ZACHARY OCONNOR:Sampler No. of samples received : 53
:Order number 60431087, 1.4 No. of samples analysed : 52
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l Analysis Holding Time Outliers exist - please see following pages for full details.
Outliers : Frequency of Quality Control Samples
l Quality Control Sample Frequency Outliers exist - please see following pages for full details.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1605737--002 14808-79-8Sulfate as SO4 - 
Turbidimetric
Anonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1605749--016 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW19 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1605749--047 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW10 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1605749--016 16887-00-6ChlorideGW19 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED045G: Chloride by Discrete Analyser
Outliers : Analysis Holding Time Compliance
Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural
16-May-2016----GW06, GW11,
GW12, GW25,
GW26
23-May-2016---- ---- 7
Clear Plastic Bottle - Natural
17-May-2016----GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
23-May-2016---- ---- 6
Clear Plastic Bottle - Natural
18-May-2016----GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
23-May-2016---- ---- 5
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Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EA005P: pH by PC Titrator - Analysis Holding Time Compliance
Clear Plastic Bottle - Natural
18-May-2016----GW02, GW10,
GW13, GW23,
GW27, GW29
24-May-2016---- ---- 6
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural
18-May-2016----GW06, GW11,
GW12, GW25,
GW26
20-May-2016---- ---- 2
Clear Plastic Bottle - Natural
19-May-2016----GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
20-May-2016---- ---- 1
EK071G: Reactive Phosphorus as P by discrete analyser
Clear Plastic Bottle - Natural
18-May-2016----GW06, GW11,
GW12, GW25,
GW26
20-May-2016---- ---- 2
Clear Plastic Bottle - Natural
19-May-2016----GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
20-May-2016---- ---- 1
Outliers : Frequency of Quality Control Samples
Matrix: WATER
Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual
Rate (%)Count
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Matrix: WATER
Quality Control SpecificationQuality Control Sample Type
Method ExpectedQC Regular Actual
Rate (%)Count
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  10.000 45
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  10.000 57
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC StandardPAH/Phenols (GC/MS - SIM)  0.00  5.000 45
NEPM 2013 B3 & ALS QC StandardTRH - Semivolatile Fraction  0.00  5.000 57
Analysis Holding Time Compliance
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA005P: pH by PC Titrator
Clear Plastic Bottle - Natural (EA005-P)
GW06, GW11,
GW12, GW25,
GW26
16-May-2016---- 23-May-2016----16-May-2016 ---- û
Clear Plastic Bottle - Natural (EA005-P)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
17-May-2016---- 23-May-2016----17-May-2016 ---- û
Clear Plastic Bottle - Natural (EA005-P)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
18-May-2016---- 23-May-2016----18-May-2016 ---- û
Clear Plastic Bottle - Natural (EA005-P)
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA005P: pH by PC Titrator - Continued
GW02, GW10,
GW13, GW23,
GW27, GW29
18-May-2016---- 24-May-2016----18-May-2016 ---- û
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
GW06, GW11,
GW12, GW25,
GW26
23-May-2016---- 23-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Natural (EA015H)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
24-May-2016---- 23-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Natural (EA015H)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
25-May-2016---- 23-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Natural (EA015H)
GW02, GW10,
GW13, GW23,
GW27, GW29
25-May-2016---- 25-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW06, GW11,
GW12, GW25,
GW26
30-May-2016---- 23-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
31-May-2016---- 23-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
01-Jun-2016---- 23-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW02, GW10,
GW13, GW23,
GW27, GW29
01-Jun-2016---- 24-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW06, GW11,
GW12, GW25,
GW26
13-Jun-2016---- 24-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED041G)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
14-Jun-2016---- 24-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED041G)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
15-Jun-2016---- 24-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED041G)
GW02, GW10,
GW13, GW23,
GW27, GW29
15-Jun-2016---- 25-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED043: Total Oxidised Sulfur as SO4 2-
Clear Plastic Bottle - Natural (ED043)
GW06, GW11,
GW12, GW25,
GW26
13-Jun-201613-Jun-2016 27-May-201627-May-201616-May-2016 ü ü
Clear Plastic Bottle - Natural (ED043)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
14-Jun-201614-Jun-2016 27-May-201627-May-201617-May-2016 ü ü
Clear Plastic Bottle - Natural (ED043)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32, GW02,
GW10, GW13,
GW23, GW27,
GW29
15-Jun-201615-Jun-2016 27-May-201627-May-201618-May-2016 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW06, GW11,
GW12, GW25,
GW26
13-Jun-2016---- 24-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED045G)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
14-Jun-2016---- 24-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED045G)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
15-Jun-2016---- 24-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Natural (ED045G)
GW02, GW10,
GW13, GW23,
GW27, GW29
15-Jun-2016---- 25-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW06, GW11,
GW12, GW25,
GW26
13-Jun-2016---- 23-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
14-Jun-2016---- 23-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
15-Jun-2016---- 23-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW02, GW10,
GW13, GW23,
GW27, GW29
15-Jun-2016---- 26-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW06, GW11,
GW12, GW25,
GW26
12-Nov-2016---- 23-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
13-Nov-2016---- 23-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
14-Nov-2016---- 23-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW02, GW10,
GW13, GW23,
GW27, GW29,
QCA2, QCB2
14-Nov-2016---- 24-May-2016----18-May-2016 ---- ü
EG020T: Total Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Unspecified (EG020A-T)
QCA, QCB 12-Nov-201612-Nov-2016 23-May-201623-May-201616-May-2016 ü ü
Clear Plastic Bottle - Nitric Acid; Unspecified (EG020A-T)
QCA1, QCB1 13-Nov-201613-Nov-2016 23-May-201623-May-201617-May-2016 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG035F: Dissolved Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW06, GW11,
GW12, GW25,
GW26
13-Jun-2016---- 26-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
14-Jun-2016---- 26-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW02, GW10,
GW13, GW23,
GW27, GW29,
QCA2, QCB2
15-Jun-2016---- 25-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG035F)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
15-Jun-2016---- 26-May-2016----18-May-2016 ---- ü
EG035T:  Total Recoverable Mercury by FIMS
Clear Plastic Bottle - Nitric Acid; Unspecified (EG035T)
QCA, QCB 13-Jun-2016---- 25-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Unspecified (EG035T)
QCA1, QCB1 14-Jun-2016---- 25-May-2016----17-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK040P: Fluoride by PC Titrator
Clear Plastic Bottle - Natural (EK040P)
GW06, GW11,
GW12, GW25,
GW26
13-Jun-2016---- 23-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Natural (EK040P)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
14-Jun-2016---- 23-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Natural (EK040P)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
15-Jun-2016---- 23-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Natural (EK040P)
GW02, GW10,
GW13, GW23,
GW27, GW29
15-Jun-2016---- 24-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW06, GW11,
GW12, GW25,
GW26
13-Jun-2016---- 24-May-2016----16-May-2016 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
14-Jun-2016---- 24-May-2016----17-May-2016 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
15-Jun-2016---- 24-May-2016----18-May-2016 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW02, GW10,
GW13, GW23,
GW27, GW29
15-Jun-2016---- 25-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW06, GW11,
GW12, GW25,
GW26
18-May-2016---- 20-May-2016----16-May-2016 ---- û
Clear Plastic Bottle - Natural (EK057G)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
19-May-2016---- 20-May-2016----17-May-2016 ---- û
Clear Plastic Bottle - Natural (EK057G)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32, GW02,
GW10, GW13,
GW23, GW27,
GW29
20-May-2016---- 20-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK071G: Reactive Phosphorus as P by discrete analyser
Clear Plastic Bottle - Natural (EK071G)
GW06, GW11,
GW12, GW25,
GW26
18-May-2016---- 20-May-2016----16-May-2016 ---- û
Clear Plastic Bottle - Natural (EK071G)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
19-May-2016---- 20-May-2016----17-May-2016 ---- û
Clear Plastic Bottle - Natural (EK071G)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32, GW02,
GW10, GW13,
GW23, GW27,
GW29
20-May-2016---- 20-May-2016----18-May-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP080/071: Total Petroleum Hydrocarbons
Amber Glass Bottle - Unpreserved (EP071)
GW06, GW11,
GW12, GW25,
GW26, QCA,
QCB
02-Jul-201623-May-2016 25-May-201623-May-201616-May-2016 ü ü
Amber Glass Bottle - Unpreserved (EP071)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03,
QCA1, QCB1
02-Jul-201624-May-2016 25-May-201623-May-201617-May-2016 ü ü
Amber Glass Bottle - Unpreserved (EP071)
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
02-Jul-201625-May-2016 25-May-201623-May-201618-May-2016 ü ü
Amber Glass Bottle - Unpreserved (EP071)
GW02, GW10,
GW13, GW23,
GW27, GW29,
QCA2, QCB2
03-Jul-201625-May-2016 25-May-201624-May-201618-May-2016 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP074E: Halogenated Aliphatic Compounds
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW06, GW11 30-May-201630-May-2016 23-May-201623-May-201616-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW25, GW26 30-May-201630-May-2016 24-May-201623-May-201616-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW03, GW05,
GW07, GW08,
GW09, GW17,
GW20
31-May-201631-May-2016 23-May-201623-May-201617-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW33, GW34,
GW35, GW37
31-May-201631-May-2016 24-May-201623-May-201617-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW15, GW19,
GW22
01-Jun-201601-Jun-2016 23-May-201623-May-201618-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW30, GW31,
GW32
01-Jun-201601-Jun-2016 24-May-201623-May-201618-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP074-WF)
GW13, GW23,
GW29
01-Jun-201601-Jun-2016 24-May-201624-May-201618-May-2016 ü ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP075(SIM)B: Polynuclear Aromatic Hydrocarbons
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW06, GW11,
GW12, GW25,
GW26
02-Jul-201623-May-2016 25-May-201623-May-201616-May-2016 ü ü
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21,
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03
02-Jul-201624-May-2016 25-May-201623-May-201617-May-2016 ü ü
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW15, GW18,
GW19, GW22,
GW24, GW28,
GW30, GW31,
GW32
02-Jul-201625-May-2016 25-May-201623-May-201618-May-2016 ü ü
Amber Glass Bottle - Unpreserved (EP075(SIM))
GW02, GW10,
GW13, GW23,
GW27, GW29
03-Jul-201625-May-2016 25-May-201624-May-201618-May-2016 ü ü
20 of 25:Page
Work Order :
:Client
EM1605749
AECOM Australia Pty Ltd
60431087 1.4:Project
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EP080/071: Total Petroleum Hydrocarbons
Amber VOC Vial - Sulfuric Acid (EP080)
GW06, GW11,
GW12
30-May-201630-May-2016 23-May-201623-May-201616-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW25, GW26,
QCA, QCB
30-May-201630-May-2016 24-May-201623-May-201616-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW01, GW03,
GW04, GW05,
GW07, GW08,
GW09, GW14,
GW16, GW17,
GW20, GW21
31-May-201631-May-2016 23-May-201623-May-201617-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW33, GW34,
GW35, GW36,
GW37, GW38,
QC01, QC03,
QCA1, QCB1
31-May-201631-May-2016 24-May-201623-May-201617-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW15, GW18,
GW19, GW22,
GW24
01-Jun-201601-Jun-2016 23-May-201623-May-201618-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW28, GW30,
GW31, GW32
01-Jun-201601-Jun-2016 24-May-201623-May-201618-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW13, GW23,
GW29
01-Jun-201601-Jun-2016 24-May-201624-May-201618-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
GW02, GW10,
GW27, QCA2,
QCB2
01-Jun-201601-Jun-2016 25-May-201624-May-201618-May-2016 ü ü
Amber VOC Vial - Sulfuric Acid (EP080)
TB01, TB02,
TB03, TB04,
TB05, TB06
02-Jun-201602-Jun-2016 24-May-201623-May-201619-May-2016 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.008 80 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 11.11  10.006 54 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 10.26  10.008 78 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 10.91  10.006 55 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 45 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 10.00  10.008 80 üpH by PC Titrator EA005-P
NEPM 2013 B3 & ALS QC Standard 12.50  10.005 40 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.008 80 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 12.50  10.002 16 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 10.00  10.004 40 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  10.000 57 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 11.94  10.008 67 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 16.67  10.004 24 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.004 80 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 5.56  5.003 54 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.13  5.004 78 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.45  5.003 55 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 6.67  5.003 45 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 7.50  5.003 40 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.008 80 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 5.26  5.003 57 üTRH - Semivolatile Fraction EP071
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Control Samples (LCS) - Continued
NEPM 2013 B3 & ALS QC Standard 7.46  5.005 67 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 12.50  5.003 24 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.56  5.003 54 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.13  5.004 78 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.45  5.003 55 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 6.67  5.003 45 üPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 7.50  5.003 40 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.004 80 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 5.26  5.003 57 üTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 7.46  5.005 67 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 12.50  5.003 24 üVolatile Organic Compounds  WF Detection Limits EP074-WF
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.56  5.003 54 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üDissolved Mercury by FIMS EG035F
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.13  5.004 78 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 45 ûPAH/Phenols (GC/MS - SIM) EP075(SIM)
NEPM 2013 B3 & ALS QC Standard 7.50  5.003 40 üReactive Phosphorus as P-By Discrete Analyser EK071G
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Mercury by FIMS EG035T
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üTotal Oxidised Sulfur as SO4 2- ED043
NEPM 2013 B3 & ALS QC Standard 0.00  5.000 57 ûTRH - Semivolatile Fraction EP071
NEPM 2013 B3 & ALS QC Standard 7.46  5.005 67 üTRH Volatiles/BTEX EP080
NEPM 2013 B3 & ALS QC Standard 12.50  5.003 24 üVolatile Organic Compounds  WF Detection Limits EP074-WF
23 of 25:Page
Work Order :
:Client
EM1605749
AECOM Australia Pty Ltd
60431087 1.4:Project
Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500 H+  B. This procedure determines pH of water samples by automated ISE. 
This method is compliant with NEPM (2013) Schedule B(3)
pH by PC Titrator EA005-P WATER
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In house:  The sample is treated with Peroxide to convert all Sulfur species to Sulfate.  Sulfate in the sample can 
then be determined by ICPAES and reported as TOS as SO4 2-.
Total Oxidised Sulfur as SO4 2- ED043 WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45µm filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.
Total Metals by ICP-MS - Suite A EG020A-T WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to AS 3550, APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
Samples are 0.45µm filtered prior to analysis.  FIM-AAS is an automated flameless atomic absorption technique. 
A bromate/bromide reagent is used to oxidise any organic mercury compounds in the filtered sample.  The ionic 
mercury is reduced online to atomic mercury vapour by SnCl2 which is then purged into a heated quartz cell.  
Quantification is by comparing absorbance against a calibration curve.  This method is compliant with NEPM 
(2013) Schedule B(3)
Dissolved Mercury by FIMS EG035F WATER
In house: Referenced to AS 3550,  APHA 3112 Hg - B (Flow-injection (SnCl2)(Cold Vapour generation) AAS)  
FIM-AAS is an automated flameless atomic absorption technique. A bromate/bromide reagent is used to oxidise 
any organic mercury compounds in the unfiltered sample.  The ionic mercury is reduced online to atomic 
mercury vapour by SnCl2 which is then purged into a heated quartz cell.  Quantification is by comparing 
absorbance against a calibration curve. This method is compliant with NEPM (2013) Schedule B(3)
Total Mercury by FIMS EG035T WATER
In house: Referenced to APHA 4500-F C:  CDTA is added to the sample to provide a uniform ionic strength 
background, adjust pH, and break up complexes.  Fluoride concentration is determined by either manual or 
automatic ISE measurement. This method is compliant with NEPM (2013) Schedule B(3)
Fluoride by PC Titrator EK040P WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
In house: Referenced to APHA 4500-P F Ammonium molybdate and potassium antimonyl tartrate reacts in acid 
medium with othophosphate to form a heteropoly acid -phosphomolybdic acid - which is reduced to intensely 
coloured molybdenum blue by ascorbic acid. Quantification is by Discrete Analyser. This method is compliant 
with NEPM (2013) Schedule B(3)
Reactive Phosphorus as P-By Discrete 
Analyser
EK071G WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to USEPA SW 846 - 8015A  The sample extract is analysed by Capillary GC/FID and 
quantification is by comparison against an established 5 point calibration curve of n-Alkane standards.  This 
method is compliant with the QC requirements of  NEPM (2013) Schedule B(3)
TRH - Semivolatile Fraction EP071 WATER
In house: Referenced to USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by 
Capillary GC/MS and quantification is by comparison against an established 5 point calibration curve. This 
method is compliant with NEPM (2013) Schedule B(3)
Volatile Organic Compounds  WF 
Detection Limits
EP074-WF WATER
In house: Referenced to USEPA SW 846 - 8270D  Sample extracts are analysed by Capillary GC/MS in SIM Mode 
and quantification is by comparison against an established 5 point calibration curve. This method is compliant 
with NEPM (2013) Schedule B(3)
PAH/Phenols (GC/MS - SIM) EP075(SIM) WATER
In house: Referenced to USEPA SW 846 - 8260B  Water samples are directly purged prior to analysis by 
Capillary GC/MS and quantification is by comparison against an established 5 point calibration curve. 
Alternatively, a sample is equilibrated in a headspace vial and a portion of the headspace determined by GCMS 
analysis.  This method is compliant with the QC requirements of NEPM (2013) Schedule B(3)
TRH Volatiles/BTEX EP080 WATER
Preparation Methods Method DescriptionsMatrixMethod
25 of 25:Page
Work Order :
:Client
EM1605749
AECOM Australia Pty Ltd
60431087 1.4:Project
Preparation Methods Method DescriptionsMatrixMethod
In houseTotal Oxidisable Sulfur as SO4 2-   Prep ED043-PR WATER
In house: Referenced to USEPA SW846-3005.  Method 3005 is a Nitric/Hydrochloric acid digestion procedure 
used to prepare surface and ground water samples for analysis by ICPAES or ICPMS.  This method is compliant 
with NEPM (2013) Schedule B(3)
Digestion for Total Recoverable Metals EN25 WATER
In house: Referenced to USEPA SW 846 - 3510B  100 mL to 1L of sample is transferred to a separatory funnel 
and serially extracted three times using 60mL DCM for each extract.  The resultant extracts are combined, 
dehydrated and concentrated for analysis. This method is compliant with NEPM (2013) Schedule B(3) .  ALS 
default excludes sediment which may be resident in the container.
Separatory Funnel Extraction of Liquids ORG14 WATER
A 5 mL aliquot or 5 mL of a diluted sample is added to a 40 mL VOC vial for sparging.Volatiles Water Preparation ORG16-W WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1606833 Page : 1 of 12
:: LaboratoryClient Environmental Division MelbourneRMIT UNIVERSITY
:Contact MS EMILY HEPBURN Telephone : +61-3-8549 9608
:Project June 2016 GME Date Samples Received : 10-Jun-2016
Site : FBURA - RMIT June 2016 GME Issue Date : 20-Jun-2016
EMILY HEPBURN:Sampler No. of samples received : 20
:Order number ---- No. of samples analysed : 20
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l Analysis Holding Time Outliers exist - please see following pages for full details.
Outliers : Frequency of Quality Control Samples
l NO Quality Control Sample Frequency Outliers exist.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1606774--008 14808-79-8Sulfate as SO4 - 
Turbidimetric
Anonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1606774--009 14808-79-8Sulfate as SO4 - 
Turbidimetric
Anonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1606833--010 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW27_10/06/16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1606833--012 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW34_11/06/16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1606774--009 16887-00-6ChlorideAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED045G: Chloride by Discrete Analyser
EM1606833--007 7439-96-5ManganeseGW30_10/06/16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG020F: Dissolved Metals by ICP-MS
EM1606833--007 7440-66-6ZincGW30_10/06/16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG020F: Dissolved Metals by ICP-MS
EM1606809--003 7440-38-2ArsenicAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG020T: Total Metals by ICP-MS
EM1606833--008 ----Ferrous IronGW25_10/06/16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG051G: Ferrous Iron by Discrete Analyser
EM1606833--012 7664-41-7Ammonia as NGW34_11/06/16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EK055G: Ammonia as N by Discrete Analyser
EM1606772--002 ----Nitrite + Nitrate as NAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Outliers : Analysis Holding Time Compliance
Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EK057G:  Nitrite as N by Discrete Analyser
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Matrix: WATER
AnalysisExtraction / Preparation
Date analysedDate extractedContainer / Client Sample ID(s) Days 
overdue
Days 
overdue
Due for extraction Due for analysis
Method
EK057G:  Nitrite as N by Discrete Analyser - Analysis Holding Time Compliance
Clear Plastic Bottle - Natural
13-Jun-2016----GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
15-Jun-2016---- ---- 2
Analysis Holding Time Compliance
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
24-Jun-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
24-Jun-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
25-Jun-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16, GW30_10/06/16,
GW25_10/06/16, GW05_10/06/16,
GW27_10/06/16
08-Jul-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Natural (ED041G)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16, GW30_10/06/16,
GW25_10/06/16, GW05_10/06/16,
GW27_10/06/16
08-Jul-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Natural (ED045G)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
08-Jul-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
08-Jul-2016---- 16-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 16-Jun-2016----11-Jun-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
07-Dec-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
07-Dec-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
08-Dec-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
EG020T: Total Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG020A-T)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16, GW30_10/06/16,
GW25_10/06/16, GW05_10/06/16,
GW27_10/06/16
07-Dec-201607-Dec-2016 14-Jun-201614-Jun-201610-Jun-2016 ü ü
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG020A-T)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
08-Dec-201608-Dec-2016 16-Jun-201616-Jun-201611-Jun-2016 ü ü
EG050F: Dissolved Hexavalent Chromium
Clear Plastic Bottle - NaOH Filtered (EG050F)
GW22_10/06/16, GW30_10/06/16 08-Jul-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - NaOH Filtered (EG050F)
GW01_11/06/16, GW02_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EG051G: Ferrous Iron by Discrete Analyser
Clear Plastic Bottle - HCl - Filtered (EG051G)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
17-Jun-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - HCl - Filtered (EG051G)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
17-Jun-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - HCl - Filtered (EG051G)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
18-Jun-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
EK010-1: Chlorine (Field Test)
Clear Plastic Bottle - Natural (EK010-1 (Field))
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW14_10/06/16, GW24_10/06/16,
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
-------- 10-Jun-2016----10-Jun-2016 ---- ----
EK040P: Fluoride by PC Titrator
Clear Plastic Bottle - Natural (EK040P)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
08-Jul-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Natural (EK040P)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
08-Jul-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Natural (EK040P)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
08-Jul-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
08-Jul-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 16-Jun-2016----11-Jun-2016 ---- ü
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16, GW30_10/06/16,
GW25_10/06/16, GW05_10/06/16,
GW27_10/06/16
12-Jun-2016---- 10-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Natural (EK057G)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
13-Jun-2016---- 15-Jun-2016----11-Jun-2016 ---- û
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
08-Jul-2016---- 14-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
08-Jul-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 16-Jun-2016----11-Jun-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK061G: Total Kjeldahl Nitrogen By Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK061G)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16
08-Jul-201608-Jul-2016 14-Jun-201614-Jun-201610-Jun-2016 ü ü
Clear Plastic Bottle - Sulfuric Acid (EK061G)
GW30_10/06/16, GW25_10/06/16,
GW05_10/06/16, GW27_10/06/16
08-Jul-201608-Jul-2016 15-Jun-201615-Jun-201610-Jun-2016 ü ü
Clear Plastic Bottle - Sulfuric Acid (EK061G)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-201609-Jul-2016 15-Jun-201615-Jun-201611-Jun-2016 ü ü
EP005: Total Organic Carbon (TOC)
Amber TOC Vial - Sulfuric Acid (EP005)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16, GW30_10/06/16,
GW25_10/06/16, GW05_10/06/16,
GW27_10/06/16
08-Jul-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Amber TOC Vial - Sulfuric Acid (EP005)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW15_11/06/16, GW19_11/06/16
09-Jul-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
Amber VOC Vial - Sulfuric Acid (EP005)
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16
09-Jul-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
EP033: C1 - C4 Hydrocarbon Gases
Amber VOC Vial - Sulfuric Acid (EP033)
GW23_10/06/16, GW22_10/06/16,
GW09_10/06/16, GW07_10/06/16,
GW24_10/06/16, GW30_10/06/16,
GW25_10/06/16, GW05_10/06/16,
GW27_10/06/16
24-Jun-2016---- 15-Jun-2016----10-Jun-2016 ---- ü
Amber VOC Vial - Sulfuric Acid (EP033)
GW33_11/06/16, GW34_11/06/16,
GW35_11/06/16, GW06_11/06/16,
GW01_11/06/16, GW02_11/06/16,
GW26_11/06/16, GW20_11/06/16,
GW15_11/06/16, GW19_11/06/16
25-Jun-2016---- 15-Jun-2016----11-Jun-2016 ---- ü
9 of 12:Page
Work Order :
:Client
EM1606833
RMIT UNIVERSITY
June 2016 GME:Project
Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.004 40 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 11.36  10.005 44 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 12.50  10.006 48 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.00  10.004 40 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 12.12  10.004 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 10.71  10.003 28 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üHexavalent Chromium - Dissolved EG050F
NEPM 2013 B3 & ALS QC Standard 10.26  10.004 39 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 18.18  10.006 33 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 16.13  10.005 31 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 13.21  10.007 53 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 11.11  10.004 36 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 12.82  10.005 39 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 14.29  10.004 28 üTotal Organic Carbon EP005
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 6.82  5.003 44 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 16.67  10.008 48 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 16.67  5.002 12 üHexavalent Chromium - Dissolved EG050F
NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 9.09  5.003 33 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 9.68  5.003 31 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 15.09  10.008 53 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.56  5.002 36 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 7.69  5.003 39 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üTotal Organic Carbon EP005
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 6.82  5.003 44 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 8.33  5.004 48 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üDissolved Metals by ICP-MS - Suite A EG020A-F
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Method Blanks (MB) - Continued
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 16.67  5.002 12 üHexavalent Chromium - Dissolved EG050F
NEPM 2013 B3 & ALS QC Standard 5.13  5.002 39 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 9.09  5.003 33 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 9.68  5.003 31 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 7.55  5.004 53 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.56  5.002 36 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 7.69  5.003 39 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üTotal Organic Carbon EP005
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 6.82  5.003 44 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 8.33  5.004 48 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.002 40 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 16.67  5.002 12 üHexavalent Chromium - Dissolved EG050F
NEPM 2013 B3 & ALS QC Standard 9.09  5.003 33 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 9.68  5.003 31 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 7.55  5.004 53 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.56  5.002 36 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 7.69  5.003 39 üTotal Metals by ICP-MS - Suite A EG020A-T
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üTotal Organic Carbon EP005
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45µm filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.
Total Metals by ICP-MS - Suite A EG020A-T WATER
In house: Referenced to APHA 3500 Cr-B & 3125.  Trivalent Chromium is the difference between total dissolved 
(ICPMS) and dissolved hexavalent chromium (UV-VIS).
Trivalent Chromium - Dissolved EG049F WATER
In house: Referenced to APHA 3500 Cr-B. Samples are 0.45µm filtered prior to analysis. Hexavalent chromium is 
determined on filtered water sample as received by pH adjustment and colour development using 
dephenylcarbazide. Each run of samples is measured against a five-point calibration curve. This method is 
compliant with NEPM (2013) Schedule B(3)
Hexavalent Chromium - Dissolved EG050F WATER
In house: Referenced to APHA 3500 Fe-B.  A colorimetric determination based on the reaction between 
phenanthroline and ferrous iron at pH 3.2-3.3 to form an orange-red complex that is measured against a 
five-point calibration curve.  This method is compliant with NEPM (2013) Schedule B(3)
Ferrous Iron by Discrete Analyser EG051G WATER
In house: Referenced to APHA 4500-Cl G, using Palintest Chlorometer 1000Residual Chlorine by DPD Colourimetry EK010-1 (Field) WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500-F C:  CDTA is added to the sample to provide a uniform ionic strength 
background, adjust pH, and break up complexes.  Fluoride concentration is determined by either manual or 
automatic ISE measurement. This method is compliant with NEPM (2013) Schedule B(3)
Fluoride by PC Titrator EK040P WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-Norg D (In house). An aliquot of sample is digested using a high 
temperature Kjeldahl digestion to convert nitrogenous compounds to ammonia.  Ammonia is determined 
colorimetrically by discrete analyser. This method is compliant with NEPM (2013) Schedule B(3)
Total Kjeldahl Nitrogen as N By Discrete 
Analyser
EK061G WATER
In house: Referenced to APHA 4500-Norg / 4500-NO3-. This method is compliant with NEPM (2013) Schedule 
B(3)
Total Nitrogen as N (TKN + Nox) By 
Discrete Analyser
EK062G WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
Technical Guidance for the Natural Attenuation Indicators: Methane, Ethane, and Ethene, US EPA - Region 1, 
EPA New England, July 2001.  Automated static headspace, dual column GC/FID.  A 12 mL sample is pipetted 
into a 20 mL headspace vial containing 3g of sodium chloride and sealed.  Each sample is equilibrated with 
shaking at 40 degrees C for 10 minutes prior to analysis by GC/FID using a pair of PLOT columns of different 
polarity.
C1 - C4  Gases EP033 WATER
Microbiological analysis subcontracted to ALS Scoresby (NATA Accredited Laboratory No. 992).E.coli by MF (clean water) MM540 WATER
Preparation Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500 Norg - D; APHA 4500 P - H. This method is compliant with NEPM (2013) 
Schedule B(3)
TKN/TP Digestion EK061/EK067 WATER
In house: Referenced to USEPA SW846-3005.  Method 3005 is a Nitric/Hydrochloric acid digestion procedure 
used to prepare surface and ground water samples for analysis by ICPAES or ICPMS.  This method is compliant 
with NEPM (2013) Schedule B(3)
Digestion for Total Recoverable Metals EN25 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
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:: LaboratoryClient Environmental Division MelbourneRMIT UNIVERSITY
:Contact MS EMILY HEPBURN Telephone : +61-3-8549 9608
:Project June 2016 GME Date Samples Received : 11-Aug-2016
Site : FBURA - RMIT June 2016 GME Issue Date : 17-Aug-2016
EMILY HEPBURN:Sampler No. of samples received : 9
:Order number ---- No. of samples analysed : 9
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l NO Analysis Holding Time Outliers exist.
Outliers : Frequency of Quality Control Samples
l NO Quality Control Sample Frequency Outliers exist.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1609451--004 14808-79-8Sulfate as SO4 - 
Turbidimetric
Anonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1609451--004 16887-00-6ChlorideAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED045G: Chloride by Discrete Analyser
Analysis Holding Time Compliance
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
25-Aug-2016---- 15-Aug-2016----11-Aug-2016 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
08-Sep-2016---- 15-Aug-2016----11-Aug-2016 ---- ü
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
08-Sep-2016---- 15-Aug-2016----11-Aug-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
08-Sep-2016---- 17-Aug-2016----11-Aug-2016 ---- ü
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
07-Feb-2017---- 15-Aug-2016----11-Aug-2016 ---- ü
EG020T: Total Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Unfiltered (EG020A-T)
GW16_11/08/16, GW36_11/08/16 07-Feb-201707-Feb-2017 15-Aug-201615-Aug-201611-Aug-2016 ü ü
EK040P: Fluoride by PC Titrator
Clear Plastic Bottle - Natural (EK040P)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
08-Sep-2016---- 15-Aug-2016----11-Aug-2016 ---- ü
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
08-Sep-2016---- 16-Aug-2016----11-Aug-2016 ---- ü
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
13-Aug-2016---- 12-Aug-2016----11-Aug-2016 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
08-Sep-2016---- 16-Aug-2016----11-Aug-2016 ---- ü
EK061G: Total Kjeldahl Nitrogen By Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK061G)
GW6_11/08/16, GW7_11/08/16,
GW5_11/08/16, GW16_11/08/16,
GW36_11/08/16, GW34_11/08/16,
GW30_11/08/16, GW22_11/08/16,
GW19_11/08/16
08-Sep-201608-Sep-2016 16-Aug-201616-Aug-201611-Aug-2016 ü ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 11.43  10.004 35 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 11.54  10.003 26 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 12.50  10.004 32 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 14.29  10.002 14 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 13.33  10.002 15 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 11.11  10.004 36 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 13.33  10.004 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üTotal Metals by ICP-MS - Suite A EG020A-T
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.71  5.002 35 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 7.69  5.002 26 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 12.50  10.004 32 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 11.11  10.004 36 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 6.67  5.002 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üTotal Metals by ICP-MS - Suite A EG020A-T
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 7.69  5.002 26 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 6.25  5.002 32 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.56  5.002 36 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 6.67  5.002 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üTotal Metals by ICP-MS - Suite A EG020A-T
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 7.69  5.002 26 üAmmonia as N by Discrete analyser EK055G
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Matrix Spikes (MS) - Continued
NEPM 2013 B3 & ALS QC Standard 6.25  5.002 32 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFluoride by PC Titrator EK040P
NEPM 2013 B3 & ALS QC Standard 7.14  5.001 14 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.56  5.002 36 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 6.67  5.002 30 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üTotal Metals by ICP-MS - Suite A EG020A-T
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45µm filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  The ICPMS technique utilizes 
a highly efficient argon plasma to ionize selected elements. Ions are then passed into a high vacuum mass 
spectrometer, which separates the analytes based on their distinct mass to charge ratios prior to their 
measurement by a discrete dynode ion detector.
Total Metals by ICP-MS - Suite A EG020A-T WATER
In house: Referenced to APHA 4500-F C:  CDTA is added to the sample to provide a uniform ionic strength 
background, adjust pH, and break up complexes.  Fluoride concentration is determined by either manual or 
automatic ISE measurement. This method is compliant with NEPM (2013) Schedule B(3)
Fluoride by PC Titrator EK040P WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-Norg D (In house). An aliquot of sample is digested using a high 
temperature Kjeldahl digestion to convert nitrogenous compounds to ammonia.  Ammonia is determined 
colorimetrically by discrete analyser. This method is compliant with NEPM (2013) Schedule B(3)
Total Kjeldahl Nitrogen as N By Discrete 
Analyser
EK061G WATER
In house: Referenced to APHA 4500-Norg / 4500-NO3-. This method is compliant with NEPM (2013) Schedule 
B(3)
Total Nitrogen as N (TKN + Nox) By 
Discrete Analyser
EK062G WATER
Preparation Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500 Norg - D; APHA 4500 P - H. This method is compliant with NEPM (2013) 
Schedule B(3)
TKN/TP Digestion EK061/EK067 WATER
In house: Referenced to USEPA SW846-3005.  Method 3005 is a Nitric/Hydrochloric acid digestion procedure 
used to prepare surface and ground water samples for analysis by ICPAES or ICPMS.  This method is compliant 
with NEPM (2013) Schedule B(3)
Digestion for Total Recoverable Metals EN25 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1705953 Page : 1 of 8
:: LaboratoryClient Environmental Division MelbourneRMIT UNIVERSITY
:Contact MS EMILY HEPBURN Telephone : +61-3-8549 9600
:Project ---- Date Samples Received : 11-May-2017
Site : FBURA - RMIT May 2017 GME Issue Date : 17-May-2017
----:Sampler No. of samples received : 9
:Order number ---- No. of samples analysed : 8
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l NO Analysis Holding Time Outliers exist.
Outliers : Frequency of Quality Control Samples
l NO Quality Control Sample Frequency Outliers exist.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1705902--006 ----Ferrous IronAnonymous MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EG051G: Ferrous Iron by Discrete Analyser
EM1705953--004 7664-41-7Ammonia as NGW20_3.0m MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EK055G: Ammonia as N by Discrete Analyser
EM1705953--002 74-82-8MethaneGW05 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EP033: C1 - C4 Hydrocarbon Gases
Analysis Holding Time Compliance
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
GW03, GW05,
GW20, GW25,
GW26, GW21
18-May-2017---- 15-May-2017----11-May-2017 ---- ü
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW03, GW05,
GW20, GW25,
GW26, GW21
25-May-2017---- 12-May-2017----11-May-2017 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW03, GW05,
GW20, GW25,
GW26, GW21
08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW03, GW05,
GW20, GW25,
GW26, GW21
08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW03, GW05,
GW20, GW25,
GW26, GW21
08-Jun-2017---- 16-May-2017----11-May-2017 ---- ü
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW03, GW05,
GW20, GW25,
GW26, GW21
07-Nov-2017---- 15-May-2017----11-May-2017 ---- ü
EG051G: Ferrous Iron by Discrete Analyser
Clear Plastic Bottle - HCl - Filtered (EG051G)
GW03, GW05,
GW20, GW25,
GW26, GW21
18-May-2017---- 16-May-2017----11-May-2017 ---- ü
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW03, GW05,
GW20, GW25,
GW26, GW21
08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW20_3.0m, GW25_3.0m 08-Jun-2017---- 17-May-2017----11-May-2017 ---- ü
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW03, GW05,
GW20, GW25,
GW26, GW21
13-May-2017---- 12-May-2017----11-May-2017 ---- ü
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW03, GW05,
GW20, GW25,
GW26, GW21
08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW20_3.0m, GW25_3.0m 08-Jun-2017---- 16-May-2017----11-May-2017 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK061G: Total Kjeldahl Nitrogen By Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK061G)
GW03, GW05,
GW20, GW20_3.0m,
GW25, GW25_3.0m,
GW26, GW21
08-Jun-201708-Jun-2017 15-May-201715-May-201711-May-2017 ü ü
EP002: Dissolved Organic Carbon (DOC)
Amber DOC  Filtered- Sulfuric Preserved (EP002)
GW05 08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
EP005: Total Organic Carbon (TOC)
Amber TOC Vial - Sulfuric Acid (EP005)
GW05 08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
EP033: C1 - C4 Hydrocarbon Gases
Amber VOC Vial - Sulfuric Acid (EP033)
GW03, GW05,
GW20, GW25,
GW26, GW21
25-May-2017---- 15-May-2017----11-May-2017 ---- ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 12.50  10.001 8 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.006 60 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 11.11  10.002 18 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.53  10.004 38 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 11.11  10.003 27 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 11.11  10.002 18 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 13.33  10.002 15 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 16.67  10.002 12 üTotal Organic Carbon EP005
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 12.50  5.001 8 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 11.11  10.002 18 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.26  5.002 38 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.41  5.002 27 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 11.11  10.002 18 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üTotal Organic Carbon EP005
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFerrous Iron by Discrete Analyser EG051G
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Method Blanks (MB) - Continued
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.26  5.002 38 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.41  5.002 27 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üTotal Organic Carbon EP005
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.003 60 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 5.26  5.002 38 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 7.41  5.002 27 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.56  5.001 18 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 8.33  5.001 12 üTotal Organic Carbon EP005
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45µm filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3500 Fe-B.  A colorimetric determination based on the reaction between 
phenanthroline and ferrous iron at pH 3.2-3.3 to form an orange-red complex that is measured against a 
five-point calibration curve.  This method is compliant with NEPM (2013) Schedule B(3)
Ferrous Iron by Discrete Analyser EG051G WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-Norg D (In house). An aliquot of sample is digested using a high 
temperature Kjeldahl digestion to convert nitrogenous compounds to ammonia.  Ammonia is determined 
colorimetrically by discrete analyser. This method is compliant with NEPM (2013) Schedule B(3)
Total Kjeldahl Nitrogen as N By Discrete 
Analyser
EK061G WATER
In house: Referenced to APHA 4500-Norg / 4500-NO3-. This method is compliant with NEPM (2013) Schedule 
B(3)
Total Nitrogen as N (TKN + Nox) By 
Discrete Analyser
EK062G WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to APHA 5310 B. This method is compliant with NEPM (2013) Schedule B(3) .  Samples 
are combusted at high termperature in the presence of an oxidative catalyst.  The evolved carbon dioxide is 
quantified using an IR detector.
Dissolved Organic Carbon EP002 WATER
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
Technical Guidance for the Natural Attenuation Indicators: Methane, Ethane, and Ethene, US EPA - Region 1, 
EPA New England, July 2001.  Automated static headspace, dual column GC/FID.  A 12 mL sample is pipetted 
into a 20 mL headspace vial containing 3g of sodium chloride and sealed.  Each sample is equilibrated with 
shaking at 40 degrees C for 10 minutes prior to analysis by GC/FID using a pair of PLOT columns of different 
polarity.
C1 - C4  Gases EP033 WATER
Preparation Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500 Norg - D; APHA 4500 P - H. This method is compliant with NEPM (2013) 
Schedule B(3)
TKN/TP Digestion EK061/EK067 WATER
True
Environmental
QA/QC Compliance Assessment to assist with Quality Review
Work Order : EM1706029 Page : 1 of 8
:: LaboratoryClient Environmental Division MelbourneRMIT UNIVERSITY
:Contact MS EMILY HEPBURN Telephone : +61-3-8549 9600
:Project FBURA - RMIT May 2017 GME Date Samples Received : 12-May-2017
Site : FBURA - RMIR May 2017 GME Issue Date : 22-May-2017
EH:Sampler No. of samples received : 8
:Order number ---- No. of samples analysed : 8
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l Matrix Spike outliers exist - please see following pages for full details.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l NO Analysis Holding Time Outliers exist.
Outliers : Frequency of Quality Control Samples
l NO Quality Control Sample Frequency Outliers exist.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Outliers : Quality Control Samples
Duplicates, Method Blanks, Laboratory Control Samples and Matrix Spikes
Matrix: WATER
Compound Group Name CommentLimitsDataAnalyteClient Sample IDLaboratory Sample ID CAS Number
Matrix Spike (MS) Recoveries 
EM1706029--001 14808-79-8Sulfate as SO4 - 
Turbidimetric
GW16 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
EM1706029--002 74-82-8MethaneGW28 MS recovery not determined, 
background level greater than or 
equal to 4x spike level.
----Not 
Determined
EP033: C1 - C4 Hydrocarbon Gases
Analysis Holding Time Compliance
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
GW16, GW28 18-May-2017---- 16-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Natural (EA015H)
GW10, GW08,
GW04, GW12,
GW31, GW27
19-May-2017---- 16-May-2017----12-May-2017 ---- ü
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
GW16, GW28 25-May-2017---- 15-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Natural (ED037-P)
GW10, GW08,
GW04, GW12,
GW31, GW27
26-May-2017---- 15-May-2017----12-May-2017 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
GW16, GW28 08-Jun-2017---- 16-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Natural (ED041G)
GW10, GW08,
GW04, GW12,
GW31, GW27
09-Jun-2017---- 16-May-2017----12-May-2017 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
GW16, GW28 08-Jun-2017---- 16-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Natural (ED045G)
GW10, GW08,
GW04, GW12,
GW31, GW27
09-Jun-2017---- 16-May-2017----12-May-2017 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW16, GW28 08-Jun-2017---- 16-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (ED093F)
GW10, GW08,
GW04, GW12,
GW31, GW27
09-Jun-2017---- 16-May-2017----12-May-2017 ---- ü
EG020F: Dissolved Metals by ICP-MS
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW16, GW28 07-Nov-2017---- 15-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Nitric Acid; Filtered (EG020A-F)
GW10, GW08,
GW04, GW12,
GW31, GW27
08-Nov-2017---- 15-May-2017----12-May-2017 ---- ü
EG051G: Ferrous Iron by Discrete Analyser
Clear Plastic Bottle - HCl - Filtered (EG051G)
GW16, GW28 18-May-2017---- 16-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - HCl - Filtered (EG051G)
GW10, GW08,
GW04, GW12,
GW31, GW27
19-May-2017---- 16-May-2017----12-May-2017 ---- ü
EK055G: Ammonia as N by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW16, GW28 08-Jun-2017---- 17-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK055G)
GW10, GW08,
GW04, GW12,
GW31, GW27
09-Jun-2017---- 17-May-2017----12-May-2017 ---- ü
EK057G:  Nitrite as N by Discrete Analyser
Clear Plastic Bottle - Natural (EK057G)
GW16, GW28 13-May-2017---- 12-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Natural (EK057G)
GW10, GW08,
GW04, GW12,
GW31, GW27
14-May-2017---- 12-May-2017----12-May-2017 ---- ü
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Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW16, GW28 08-Jun-2017---- 16-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Sulfuric Acid (EK059G)
GW10, GW08,
GW04, GW12,
GW31, GW27
09-Jun-2017---- 16-May-2017----12-May-2017 ---- ü
EK061G: Total Kjeldahl Nitrogen By Discrete Analyser
Clear Plastic Bottle - Sulfuric Acid (EK061G)
GW16, GW28 08-Jun-201708-Jun-2017 16-May-201716-May-201711-May-2017 ü ü
Clear Plastic Bottle - Sulfuric Acid (EK061G)
GW10, GW08,
GW04, GW12,
GW31, GW27
09-Jun-201709-Jun-2017 16-May-201716-May-201712-May-2017 ü ü
EK085M: Sulfide as S2-
Clear Plastic Bottle - Zinc Acetate/NaOH (EK085)
GW16, GW28 18-May-2017---- 15-May-2017----11-May-2017 ---- ü
Clear Plastic Bottle - Zinc Acetate/NaOH (EK085)
GW10, GW08,
GW04, GW12,
GW31, GW27
19-May-2017---- 15-May-2017----12-May-2017 ---- ü
EP002: Dissolved Organic Carbon (DOC)
Amber DOC  Filtered- Sulfuric Preserved (EP002)
GW16, GW28 08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
EP005: Total Organic Carbon (TOC)
Amber TOC Vial - Sulfuric Acid (EP005)
GW16, GW28 08-Jun-2017---- 15-May-2017----11-May-2017 ---- ü
EP033: C1 - C4 Hydrocarbon Gases
Amber VOC Vial - Sulfuric Acid (EP033)
GW16, GW28 25-May-2017---- 16-May-2017----11-May-2017 ---- ü
Amber VOC Vial - Sulfuric Acid (EP033)
GW10, GW08,
GW04, GW12,
GW31, GW27
26-May-2017---- 16-May-2017----12-May-2017 ---- ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 12.50  10.004 32 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.71  10.003 28 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 13.33  10.002 15 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 50.00  10.001 2 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 12.12  10.004 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 11.76  10.002 17 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 12.90  10.004 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 12.50  10.002 16 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 20.00  10.002 10 üSulfide as S2- EK085
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 13.79  10.004 29 üTotal Organic Carbon EP005
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 6.25  5.002 32 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 13.33  10.002 15 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 50.00  5.001 2 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 6.45  5.002 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üSulfide as S2- EK085
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 6.90  5.002 29 üTotal Organic Carbon EP005
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
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Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Method Blanks (MB) - Continued
NEPM 2013 B3 & ALS QC Standard 50.00  5.001 2 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 5.88  5.001 17 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 6.45  5.002 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üSulfide as S2- EK085
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Dissolved Solids (High Level) EA015H
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 6.90  5.002 29 üTotal Organic Carbon EP005
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 7.14  5.002 28 üAmmonia as N by Discrete analyser EK055G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üC1 - C4  Gases EP033
NEPM 2013 B3 & ALS QC Standard 6.67  5.001 15 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üDissolved Metals by ICP-MS - Suite A EG020A-F
NEPM 2013 B3 & ALS QC Standard 50.00  5.001 2 üDissolved Organic Carbon EP002
NEPM 2013 B3 & ALS QC Standard 6.06  5.002 33 üFerrous Iron by Discrete Analyser EG051G
NEPM 2013 B3 & ALS QC Standard 6.45  5.002 31 üNitrite and Nitrate as N (NOx) by Discrete Analyser EK059G
NEPM 2013 B3 & ALS QC Standard 6.25  5.001 16 üNitrite as N by Discrete Analyser EK057G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.00  5.001 10 üSulfide as S2- EK085
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üTotal Kjeldahl Nitrogen as N By Discrete Analyser EK061G
NEPM 2013 B3 & ALS QC Standard 6.90  5.002 29 üTotal Organic Carbon EP005
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 3125; USEPA SW846 - 6020, ALS QWI-EN/EG020.  Samples are 0.45µm filtered 
prior to analysis.  The ICPMS technique utilizes a highly efficient argon plasma to ionize selected elements. Ions 
are then passed into a high vacuum mass spectrometer, which separates the analytes based on their distinct 
mass to charge ratios prior to their measurement by a discrete dynode ion detector.
Dissolved Metals by ICP-MS - Suite A EG020A-F WATER
In house: Referenced to APHA 3500 Fe-B.  A colorimetric determination based on the reaction between 
phenanthroline and ferrous iron at pH 3.2-3.3 to form an orange-red complex that is measured against a 
five-point calibration curve.  This method is compliant with NEPM (2013) Schedule B(3)
Ferrous Iron by Discrete Analyser EG051G WATER
In house: Referenced to APHA 4500-NH3 G  Ammonia is determined by direct colorimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Ammonia as N by Discrete analyser EK055G WATER
In house: Referenced to APHA 4500-NO2- B.  Nitrite is determined by direct colourimetry by Discrete Analyser. 
This method is compliant with NEPM (2013) Schedule B(3)
Nitrite as N by Discrete Analyser EK057G WATER
In house: Referenced to APHA 4500-NO3- F. Nitrate is reduced to nitrite by way of a chemical reduction followed 
by quantification by Discrete Analyser.  Nitrite is determined seperately by direct colourimetry and result for Nitrate 
calculated as the difference between the two results. This method is compliant with NEPM (2013) Schedule B(3)
Nitrate as N by Discrete Analyser EK058G WATER
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Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500-NO3- F.  Combined oxidised Nitrogen (NO2+NO3) is determined by 
Chemical Reduction and direct colourimetry by Discrete Analyser. This method is compliant with NEPM (2013) 
Schedule B(3)
Nitrite and Nitrate as N (NOx) by Discrete 
Analyser
EK059G WATER
In house: Referenced to APHA 4500-Norg D (In house). An aliquot of sample is digested using a high 
temperature Kjeldahl digestion to convert nitrogenous compounds to ammonia.  Ammonia is determined 
colorimetrically by discrete analyser. This method is compliant with NEPM (2013) Schedule B(3)
Total Kjeldahl Nitrogen as N By Discrete 
Analyser
EK061G WATER
In house: Referenced to APHA 4500-Norg / 4500-NO3-. This method is compliant with NEPM (2013) Schedule 
B(3)
Total Nitrogen as N (TKN + Nox) By 
Discrete Analyser
EK062G WATER
In house: Referenced to APHA 4500-S2- D.  Sulfide species present in water samples are immediately 
precipitated when collected in pretreated caustic/zinc acetate preserved sample containers.  After the 
supernatant is discarded, the resultant precipitate is then coloured using methylene blue indicator and 
measured using UV-VIS detection at 664nm. This method is compliant with NEPM (2013) Schedule B(3)
Sulfide as S2- EK085 WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
In house: Referenced to APHA 5310 B. This method is compliant with NEPM (2013) Schedule B(3) .  Samples 
are combusted at high termperature in the presence of an oxidative catalyst.  The evolved carbon dioxide is 
quantified using an IR detector.
Dissolved Organic Carbon EP002 WATER
In house: Referenced to APHA 5310 B,  The automated TOC analyzer determines Total and Inorganic Carbon by 
IR cell.  TOC is calculated as the difference. This method is compliant with NEPM (2013) Schedule B(3)
Total Organic Carbon EP005 WATER
Technical Guidance for the Natural Attenuation Indicators: Methane, Ethane, and Ethene, US EPA - Region 1, 
EPA New England, July 2001.  Automated static headspace, dual column GC/FID.  A 12 mL sample is pipetted 
into a 20 mL headspace vial containing 3g of sodium chloride and sealed.  Each sample is equilibrated with 
shaking at 40 degrees C for 10 minutes prior to analysis by GC/FID using a pair of PLOT columns of different 
polarity.
C1 - C4  Gases EP033 WATER
Preparation Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 4500 Norg - D; APHA 4500 P - H. This method is compliant with NEPM (2013) 
Schedule B(3)
TKN/TP Digestion EK061/EK067 WATER
True
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QA/QC Compliance Assessment to assist with Quality Review
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:: LaboratoryClient Environmental Division MelbourneRMIT UNIVERSITY
:Contact MS EMILY HEPBURN Telephone : +61-3-8549 9608
:Project Fishermans Bend Date Samples Received : 19-Jul-2018
Site : Fishermans Bend Issue Date : 23-Jul-2018
EMILY HEPBURN:Sampler No. of samples received : 2
:Order number No. of samples analysed : 2
This report is automatically generated by the ALS LIMS through interpretation of the ALS Quality Control Report and several Quality Assurance parameters measured by ALS. This automated 
reporting highlights any non-conformances, facilitates faster and more accurate data validation and is designed to assist internal expert and external Auditor review. Many components of this 
report contribute to the overall DQO assessment and reporting for guideline compliance. 
 
Brief method summaries and references are also provided to assist in traceability.
Summary of Outliers
Outliers : Quality Control Samples
This report highlights outliers flagged in the Quality Control (QC) Report.
l NO Method Blank value outliers occur.
l NO Duplicate outliers occur.
l NO Laboratory Control outliers occur.
l NO Matrix Spike outliers occur.
l For all regular sample matrices, NO  surrogate recovery outliers occur.
Outliers : Analysis Holding Time Compliance
l NO Analysis Holding Time Outliers exist.
Outliers : Frequency of Quality Control Samples
l NO Quality Control Sample Frequency Outliers exist.
R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Analysis Holding Time Compliance
Holding times for VOC in soils vary according to analytes of interest.  Vinyl Chloride and Styrene holding time is 7 days; others 14 days.  A recorded breach does not guarantee a breach for all VOC analytes and 
should be verified in case the reported breach is a false positive or Vinyl Chloride and Styrene are not key analytes of interest/concern.
Holding time for leachate methods (e.g. TCLP) vary according to the analytes reported.  Assessment compares the leach date with the shortest analyte holding time for the equivalent soil method. These are: organics 
14 days, mercury 28 days & other metals 180 days.  A recorded breach does not guarantee a breach for all non-volatile parameters.
If samples are identified below as having been analysed or extracted outside of recommended holding times, this should be taken into consideration when interpreting results.
This report summarizes extraction / preparation and analysis times and compares each with ALS recommended holding times (referencing USEPA SW 846, APHA, AS and NEPM) based on the sample container 
provided.  Dates reported represent first date of extraction or analysis and preclude subsequent dilutions and reruns. A listing of breaches (if any) is provided herein.
Matrix: WATER Evaluation: û = Holding time breach ; ü = Within holding time. 
AnalysisExtraction / PreparationSample DateMethod
EvaluationDue for analysisDate analysedEvaluationDue for extractionDate extractedContainer / Client Sample ID(s)
EA015: Total Dissolved Solids dried at 180 ± 5 °C
Clear Plastic Bottle - Natural (EA015H)
SW1, SW2 25-Jul-2018---- 20-Jul-2018----18-Jul-2018 ---- ü
ED037P: Alkalinity by PC Titrator
Clear Plastic Bottle - Natural (ED037-P)
SW1, SW2 01-Aug-2018---- 20-Jul-2018----18-Jul-2018 ---- ü
ED041G: Sulfate (Turbidimetric) as SO4 2- by DA
Clear Plastic Bottle - Natural (ED041G)
SW1, SW2 15-Aug-2018---- 20-Jul-2018----18-Jul-2018 ---- ü
ED045G: Chloride by Discrete Analyser
Clear Plastic Bottle - Natural (ED045G)
SW1, SW2 15-Aug-2018---- 20-Jul-2018----18-Jul-2018 ---- ü
ED093F: Dissolved Major Cations
Clear Plastic Bottle - Natural (ED093F)
SW1, SW2 25-Jul-2018---- 20-Jul-2018----18-Jul-2018 ---- ü
ED093F: SAR and Hardness Calculations
Clear Plastic Bottle - Natural (ED093F)
SW1, SW2 25-Jul-2018---- 20-Jul-2018----18-Jul-2018 ---- ü
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Quality Control Parameter Frequency Compliance
The following report summarises the frequency of laboratory QC samples analysed within the analytical lot(s) in which the submitted sample(s) was(were) processed. Actual rate should be greater than or equal to 
the expected rate. A listing of breaches is provided in the Summary of Outliers.
Matrix: WATER Evaluation: û = Quality Control frequency not within specification ; ü = Quality Control frequency within specification. 
Quality Control SpecificationQuality Control Sample Type
ExpectedQC Regular Actual
Rate (%)Count
EvaluationAnalytical Methods Method
Laboratory Duplicates (DUP)
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üTotal Dissolved Solids (High Level) EA015H
Laboratory Control Samples (LCS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üAlkalinity by PC Titrator ED037-P
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 10.00  10.002 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 10.53  10.002 19 üTotal Dissolved Solids (High Level) EA015H
Method Blanks (MB)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üMajor Cations - Dissolved ED093F
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
NEPM 2013 B3 & ALS QC Standard 5.26  5.001 19 üTotal Dissolved Solids (High Level) EA015H
Matrix Spikes (MS)
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üChloride by Discrete Analyser ED045G
NEPM 2013 B3 & ALS QC Standard 5.00  5.001 20 üSulfate (Turbidimetric) as SO4 2- by Discrete Analyser ED041G
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Brief Method Summaries
The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the US EPA, APHA, AS and NEPM. In house 
developed procedures are employed in the absence of documented standards or by client request. The following report provides brief descriptions of the analytical procedures employed for results reported in the 
Certificate of Analysis. Sources from which ALS methods have been developed are provided within the Method Descriptions.
Analytical Methods Method DescriptionsMatrixMethod
In house: Referenced to APHA 2540C.  A gravimetric procedure that determines the amount of `filterable` residue 
in an aqueous sample.  A well-mixed sample is filtered through a glass fibre filter (1.2um).  The filtrate is 
evaporated to dryness and dried to constant weight at 180+/-5C. This method is compliant with NEPM (2013) 
Schedule B(3)
Total Dissolved Solids (High Level) EA015H WATER
In house: Referenced to APHA 2320 B This procedure determines alkalinity by automated measurement (e.g. PC 
Titrate) using pH 4.5 for indicating the total alkalinity end-point. This method is compliant with NEPM (2013) 
Schedule B(3)
Alkalinity by PC Titrator ED037-P WATER
In house: Referenced to APHA 4500-SO4.  Dissolved sulfate is determined in a 0.45um filtered sample.  Sulfate 
ions are converted to a barium sulfate suspension in an acetic acid medium with barium chloride. Light 
absorbance of the BaSO4 suspension is measured by a photometer and the SO4-2 concentration is determined 
by comparison of the reading with a standard curve. This method is compliant with NEPM (2013) Schedule B(3)
Sulfate (Turbidimetric) as SO4 2- by 
Discrete Analyser
ED041G WATER
In house: Referenced to APHA 4500 Cl - G.The thiocyanate ion is liberated from mercuric thiocyanate through 
sequestration of mercury by the chloride ion to form non-ionised mercuric chloride.in the presence of ferric ions 
the librated thiocynate forms highly-coloured ferric thiocynate which is measured at 480 nm APHA 21st edition 
seal method 2 017-1-L april 2003
Chloride by Discrete Analyser ED045G WATER
In house: Referenced to APHA 3120 and 3125; USEPA SW 846 - 6010 and 6020; Cations are determined by 
either ICP-AES or ICP-MS techniques.  This method is compliant with NEPM (2013) Schedule B(3) 
Sodium Adsorption Ratio is calculated from Ca, Mg and Na which determined by ALS in house method 
QWI-EN/ED093F. This method is compliant with NEPM (2013) Schedule B(3) 
Hardness parameters are calculated based on APHA 2340 B. This method is compliant with NEPM (2013) 
Schedule B(3)
Major Cations - Dissolved ED093F WATER
In house: Referenced to APHA 1030F. This method is compliant with NEPM (2013) Schedule B(3)Ionic Balance by PCT DA and Turbi SO4 
DA
EN055 - PG WATER
